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NO. SEVEN OF A SERIES 


Pio eers in Precision 





The Helipot Corporation 

originators of the helical precision 
potentiometer, were pioneers in the development of 
the basic multi-turn principle in potentiometer 
design: Equipped with the Helipot 
RA Precision DUODIAL, these units \ 
provide high resolution and 
extreme precision in limited panel space. 


Miniature Precision Bearings 

are the extra quality products manufactured by the originators and 
pioneer developers of ball bearings in miniature precision sizes. More than 
three thousand discriminating customers are currently being supplied with 
MPB components for applications involving high fidelity performance. 

These fine quality MPB ball bearings are manufactured under exclusive 
and exacting production procedures as conceived and developed by MPB 
designers and engineers. Many designs and sizes of miniature ball bearings 
initially developed at MPB are now internationally standardized. Over a 
million MPB ball bearings have been installed in devices operating under 
unusual conditions . . . extreme temperature range . . . shock . . . continu- 
ous high load capacity . . . limited space in project miniaturization. 

MPB ball bearings are fully ground, lapped, and/or honed to ABEC 5 
tolerances or better. They are torque tested, ultrasonicly cleaned, supplied in 
specific tolerances and classified within the tolerances for prompt assembly 
and maximum service. MPB ball bearings are normally supplied in 10 series, 
from 1/10” to 5/16” o.d., of high carbon chrome bearing steel. Some are sup- 
plied in stainless and beryllium copper, and all are assembled with best quality 
balls. ‘he most extensive engineering knowledge in miniature bearing appli- 
cations is available to you. Write for Catalog and survey sheet TR3 


Conlinued expansion, necessary in order to supply a steadily increas- 


ing demand for extra quality bearings, will soon enable us to partici- 


pate in your future planning. 


iniature Precision Bearings 
Incorporated APB Keene, New Hampshire 
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Pioneer Precisionists to the World’s foremost Instrument Manufacturers 
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Mother never cooked so easily. Her kitchen is a spar- 
kling modern delight of home-making convenience and 
efficiency. And abrasives play a major part in perfecting 
the household appliances which she employs as a maid. 

Mother’s mixer, dishwasher, and refrigerator have 
scores of parts ground with Norton wheels and machines. 
Their satin smooth finishes would not have been possible 
without Behr-Manning coated abrasives. And their gleam- 
ing porcelain enamel is baked in furnaces lined with 
Norton high temperature refractories. 

Thus in every part of life and in every phase of industry, 
Norton and Behr-Manning abrasives and abrasive products 
create usefulness, beauty and value in finished goods. 
Together, Norton and Behr-Manning are the world’s 
largest source of abrasive and abrasive products. 


Roast beef 
ina 
push-button 


NORTON COMPANY makes abrasives, grinding wheels, lag carer 
refractories, grinding and lapping machines, non-slip floors, Norbide 


grain and molded products. Norton Company, Worcester 6, Mass. 


BEHR-MANNING makes abrasive paper and cloth, oilstones, abrasive 
specialties, pressure-sensitive tapes. Behr-Manning Corporation, Divi- 
sion of Norton Company, Troy, New York. 


Plants, Distributors and Dealers the world over 
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DR. L. A. HANSEN, Director 
of Research, Abrasive Divi- 
sion, of Behr-Manning. 
Dr. Hansen was in charge of 
the research and develop- 
ment work which resulted 
in “TUFBAK” SPEED- WET 
DURITE Paper for wet 
sanding. 


ARCHIBALD H. BALLARD, 
resident director of the re- 
search laboratories at the 
Norton electric furnace 
lant, where 32 ALUN- 
UM abrasive was de- 
veloped — the most out- 
standing abrasive develop- 
ment of the last 45 years. 





WNORTONY A 


Gdlaking better products to make other products better 








NORTON - BEHR-MANNING 
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M.I.T., famous engineering school, 


uses WICKES boilers for steam production 
Consultants — JACKSON & MORELAND, ENGINEERS of Boston, Mass, 
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AT THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY, where sound 

\ engineering principles are taught, two Wickes Steam Generators were selected to 
supply heat for several new buildings including the Hayden Library and Sloan 
Metals Research Laboratory. The Wickes Boilers, which were custom- 

engineered for M.1.T., produce 160,000 Ibs., of steam per hour. They occupy the same 
space formerly occupied by the two old boilers that produced only 40,000 lbs. per 
hour. They are equipped with superheaters and economizers. The new boile 
oil-fired at present but are engineered for ready conversion to spreader 
des They are designed for quick steaming to meet emergen wer require- 

ments and are fitt owells and openings for taki ue gas samples so the 
students at M.I.T. can run boiler tests as part of their instruction. The installation of 
these boilers, an extremely difficult job because of the close erection tolerances, 

was handled by Flagg, Brackett & Durgin, Inc., Wickes’ agents in Boston. 4 7 1 
Wickes can fill your requirements for steam generators up to 250,000 lbs. per 

hour and 1000 psi.—all types of multiple drum boilers adaptable to any standard 
method of firing; oil, gas, underfeed or spreader stoker. Write today for 

descriptive literature or consult your nearest Wickes representative. 











SINCE 185 4 


THE TECHNOLOGY REVIEW 


RECOGNIZED QUALITY 

















ABOVE: Blueprint diagram of one of 
the Wickes Sieam Generators at M.LT. 


RIGHT: View showing the two Wickes 


Boilers installed in the power plant at 
M.LT. 


| WICKES THE WICKES BOILER CO. 


DIVISION OF THE WICKES CORPORATION *. SAGINAW, MICHIGAN 


SALES OFFICES: Atlanta * Boston * Buffalo ¢ Chicago * Cincinnati * Cleveland * Denver * Detroit * Greensboro, N.C. * Houston ¢ 
Indianapolis * Los Angeles * Memphis * Milwaukee * New York City * Pittsburgh * Portland, Ore. « Saginaw * Springfield, Ill. * Tampa, Fla. 
* Tulsa * Washington, D.C. & 
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An excellent example of Graver's skill in fabricating pressure 
vessels is this 10’ x 32’ desalting tank for use in a new refinery 
unit now under construction. The tank was built for an operating 


somett — =" 


IN PRESSURE VESSELS 


The steady growth of the petroleum, petro-chemical and chemical industries 
has greatly increased the demand for specialized equipment, particularly new types 


of pressure vessels. 


Graver’s production facilities and skilled craftsmanship have provided the answer 

to pressure vessel problems for many years. Every Graver-built pressure vessel is 
fabricated in accordance with the ASME Code for unfired pressure vessels, the 
API-ASME Code as adapted to the special requirements of the petroleum industry, or 
to the even more stringent requirements set by customers. Complete X-raying, 

stress relieving and equipment for rigid inspection are additional features which 
assure that every fabrication will measure up to the requirements expected of it. 


Whether fabricated in steels, clads or alloys, every pressure vessel bearing the Graver 
nameplate bears the symbol of quality. 


GRAVER TANK & MFG.(O.NC. 





EAST CHICAGO, INDIANA 


NEW YORK + CHICAGO «+ PHILADELPHIA + DETROIT- WASHINGTON 


CINCINNATI + CATASAUQUA, PA. 


* HOUSTON « SAND SPRINGS, OKLA, 
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a That doesn't matter. 
Lockheed can train you... 





at full pay! a 








The P-38 Lightning — first 400 mile 





It’s your aptitude, your knowledge of engineering principles, per hour fighter-iatercepter, the 
. : ; “fork-tailed Devil’’ that helped 
your degree in engineering that count. win World War II. 
Those—plus the opportunity Lockheed is offering you—are all vou need for a This Plane is making History 


career as an aircraft engineer. In Lockheed’s special program for engineering 
graduates, you may go back to school, or you may convert to aircraft work by 
doing—on-the-job training. But whichever it is, you receive full pay while learning. 





But Lockheed offers you more than a career. It offers you a new life, in an area 
The Super Constellation — larger, faster, 


more powerful; the plane that bridges 


_| where living conditions are beyond compare. Outdoor living prevails the the gap between modern sir transport 
and commercial jet transport. 


year-’round. Mountains, beaches are an hour from Lockheed. 
This Plane will make History 
See your Placement Officer today for the details on Lockheed’s Aircraft Training Program 


for engineers, as well as the better living conditions in Southern California. 


| If your Placement Officer is out of the illustrated brochures describing living and 
working conditions at Lockheed, write M. V. Mattson, Employment Manager 


This plane — which exists only in 
f A the brain of an engineer like yourself 
CO 4O€, Aircraft Corporation — is one reason there's a better 


future for you at Lockheed. For 
Lockheed will always need engineers 
Burbank, California with ideas, engineers with 
imagination, engineers who build 
tne planes that make history. 
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Travel to the 





northernmost Army outpost — 
in “shooting” distance of the Pole 
— you'll find National 


receivers on the job! 


AMING JUNGLE 


Slash your way 

through the African jungle 
to a movie company 

on location — you'll find 
National receivers 


on the job! 


Literally, you'll find National receivers all over the 

world — on Navy ships at sea — on South American mountain 

tops — in the offices of London’s famed Scotland Yard — 

on hazardous expeditions like Kon-Tiki! 

No wonder National is the number one choice of experienced 
amateurs — for top performance under all conditions, sr i 

yoor in and yoor out! NATIONAL COMPANY, Inc. 


Le a MASSACHUSETTS 





ELECTRONIC EQUIPMENT AND COMPONENTS 
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New construction by Stone & Webster Engineering 
Corporation includes the refinery, the steep house 
and germ dryer building. The Corporation also 
installed processing equipment in the existing 
buildings and redesigned and enlarged the plant 
process disposal system. 


F ROM Ice CREAM TO P ENICILLIN 


From the Roby, Indiana, plant of the 
American Maize-Products Company come 
dehydrated corn syrup which is a component 
of commercial ice cream; corn starch; corn 
syrup used in candy manufacture; animal 
feed; and media for growing penicillin. 








To design and build the recently 
completed additions to its Roby plant, the 
Company employed Stone & Webster 
Engineering Corporation. 


One of the many products manufactured 
by American Maixe-Products Company. 


STONE & WEBSTER ENGINEERING CORPORATION 


A SUBSIDIARY of STONE & WEBSTER, INC. 
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MAKES CLOSER 


WORKING TOLERANCES 
PRACTICAL 


NEW No. 955 
Electronic 












Now you can specify closer tolerances 
on drawings — and know they're 
practical. This new No. 955 Brown 
& Sharpe Electronic Caliper permits 
production gaging in units from .0001” 
to .00001” without removing work from 
machine or fixture . . . or without lifting work from 
the bench. Readings are taken on the No. 950 Electronic 
Amplifier. Four interchangeable jaws provide a measur- 
ing range from 0” to 4” ... only one master needed for 
each setting. Aligning attachment also available to 
facilitate measuring long work pieces. Write for the 
new illustrated Bulletin. Brown & Sharpe Mfg. Co. 
Providence 1, R. I., U.S.A. . 








[|BS WE URGE BUYING THROUGH THE DISTRIBUTOR 


Brown & Sharpe 


JUNCTION AND 
POINT CONTACT 
TRANSISTORS 





e 

your prime sourc s 
. n 

of informatte gag mage 


Miniature 


and gssistance 
right down this list 












SPECIAL TUBE AND 
TRANSISTOR APPLICATION 
ENGINEERING SERVICE AT 
Newton, Mass. Bigelow 4-7500 
New York Whitehall 3-4980 
Chicago NAtional 2-2770 
Richmond 7-5524 , 





Los Angeles 





RAYTHEON MANUFACTURING COMPANY 


SPE AL TUBE SECT 


55 CHAPEL STREET, NEWTON 58, MASS., Tel. Bigelow 4-7500 














THE TABULAR VIEW 











Corrosion Resistance. — The effective and compara- 
tively simple method of rust prevention by cathodic 
protection is described (page 251) by Hersert H. 
Unuic, 32, Associate Professor of Metallurgy at the 
Institute. Professor Uhlig received the B.S. degree 
from Brown University in 1929, and the Ph.D. degree 
from M.I.T. in 1932. After excursions into industry 
between 1932 and 1936, and again from 1940 to 
1946, he was research associate in charge of the 
Corrosion Laboratory at M.LT. from 1936-1940. 
Since 1946 he has been associate professor of metal- 
lurgy in that same post. He is consultant to several 
industrial firms and the Atomic Energy Commission, 
and is editor of the Corrosion Handbook. 


Protein Research. — As part of a broad and long- 
range program on research on proteins — in which 
many members of the Institute’s Department of 
Biology are involved — work has been carried on at 
M.I.T. on the development of artificial sutures for 
surgery. Progress in this field is reported (page 255) 
by Irwin W. Sizer, Associate Professor of Physi- 
ology, who has been responsible for a substantial 
portion of the work on sutures. Professor Sizer re- 
ceived the A.B. degree from Brown University in 
1931, and the Ph.D. degree from Rutgers University 
in 1935 when he joined the Institute’s staff. 


Chemical Warfare. — As a companion piece to his 
article, “Biological Warfare,” in the November, 1952, 
issue of The Review, James A. Tosey, ‘15, has pre- 
pared the story on “Chemical Warfare” which ap- 
pears on page 259 of this issue. Disturbing as it 
may be to recognize that civilian populations can 
now be exposed to warfare, one can glean some ray 
of hope from Dr. Tobey’s assurance that national 
preparedness, coupled with public enlightenment, 
is the best and most effective measure to employ 
in minimizing disasters. Dr. Tobey has had a versa- 
tile and distinguished career in the broad field of 
public health, as last recorded on page 12 of the 
November issue. Dr. Tobey recently served as 
a colonel in the Army’s Medical Service in Texas, 
and not in Korea as was reported in November. 


Educational Concept.— ARAM BoyajiAn, whose 
personal views appear in “The Education of Tom, 
Dick, and Harry” (page 262) has been associated 
with both industry and educational institutions for 

) 

many years. Since 1924 he has been a nonresident 
member of the Institute’s staff, in the Department 
of Electrical Engineering, engaged in teaching co- 
operative students during their industry assign- 
ments; and more recently he has been a visiting lec- 
turer. As an engineer with the General Electric Com- 
pany, Mr. Boyajian is well known as the author of 
many papers on transformer theory and circuit and 
system problems, and has given career guidance to 
many young people who have come within the radius 
of his inspiration. 
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BEYOND THE HORIZON. 


Higher and higher the speeds; greater and greater the stresses. 


To match needs which are still beyond the horizon, the engineer is 
increasingly urging the metallurgist to supply new materials. 

The more efficient engines of today rely upon the use of temperature- 
resisting molybdenum-containing alloys; the jet engines of the future, 
with still greater stresses and higher temperatures, must rely even more 
upon Molybdenum. 

Climax furnishes authoritative engineering data on Molybdenum 


applications. 


Cli o nun 
500 F u ‘OF. 
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THIS ROPER 


1S TYPICAL OF MANY SPECIALIZED MACHINES 
PRODUCED BY US FOR ROPE & ALLIED INDUSTRIES 
ROPE machinery for hard or soft fibres, synthet- 
ics, cotton. * LAYING or CABLING machines 
for smaller cords and twines. * TWISTERS and 
FORMERS for yarns, twine, paper, etc. 

Based on more than eighty years specialized 
“know-how” we have contributed many labor- 
saving innovations to lower production costs, 
increase profits. 

Write Dept. T-2 and we will send you tech- 
nical bulletins that may suggest ways in which 
we can help you. 


MACHINE COMPANY, Inc. 


2231 E. Ontario Street 
PHILADELPHIA 34, PA. 





Each element is made of the special 
steel alloy and subjected to the exact 
heat treatment required to provide 
the high balanced strength and light 
weight which characterize all 







Add to this precision design and sim- 
ple construction, and you have the 
reasons why Curtis Universal Joints 
are the most durable, trouble-free 
joints available . . . for uses ranging 
from instrument controls to heavy 
steel mill applications. 


ONLY CURTIS OFFERS ALL THESE 
ADVANTAGES 


Availability — 14 sizes always in stock; 
bored or unbored hubs. 6” hub diameter 
joints or special machining to specifications. 























Simplicity—fewer parts, simpler construction. 


Government Tests — complete equipment 
for government tests in our plant. 


Not sold through distributors; write 
direct for free engineering data 
and price list. 


€ 
CURTIS UNIVERSAL JOINT CO., INC. 
8 Birnie Avenve Springfield, Mass. 
As near to you as your telephone 
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Chemistry Cleared 


From ANTHONY STANDEN, '29: 

I should like to express my appreciation of “An Ameri- 
can at Oxford” by Eugene B. Skolnikoff which appeared 
in the January, 1953, Review, and report a few notes on 
the same combination, in the opposite order, for I first 
studied chemistry at Oxford, then Course X (Chemical 
Engineering), with the Practice School at M.I.T. 

At Oxford the instructors explained things very well, 
but they were a little bit careless about whether a student 
could work out a simple numerical example without mak- 
ing a “slip-stick” error. But at any rate, they made quite 
sure that the student understood the fundamental theory. 

At M.LT. the instructors would fling a new, compli- 
cated, and important equation at the pupils, give them 10 
tough numerical examples, and say: “Do all of these by 
nine o'clock tomorrow!” Sometimes there were students 
who did not understand the fundamental theory — but the 
instructors made quite sure that you could work out the 
numerical examples. : 

The combination was simply splendid. I recommend it 
to anybody — either way around. 


Brooklyn 2, N.Y. 


Challenge to Management 


From Lowe .t L. Hotes, ’23: 

Thank you and Edward McSweeney for his challenging 
article “The Managerial Evolution” in the December, 
1952, issue of The Review. The author has expanded our 
horizon by taking us up on a high peak and letting us see 
what is happening in terms of Toynbee’s masterful analysis 
of the breakdown of civilization. ; 

Thirty years’ study of the human structure of business 
and industry combined with selection of growth potential 
leaders forces me to observe grudgingly that many of our 
so-called leaders are strictly “Survival of the Unfit.” I feel 
certain that a highly readable and chz illenging: book could 
be made from exploitation of “what to do now” to deve lop 
leaders with a lighted torch and to gather the “disciples’ 
in a crusade for better management. 

Indianapolis, Ind. 




















Sonoco Products Co., Mystic, Conn. 


From experience on current building, we can 
assist you by presenting budgetary estimates, 
comparative costs and other 
cidedly helpful to an executive facing the 
problem of plant expansion. 
W. J. BARNEY CORPORATION 
Founded 1917 
101 Park Avenue, New Yoik 
INDUSTRIAL CONSTRUCTION 


Alfred T. Glassett, "20, President 
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What does Atomic Energy really mean to you? 


Dramatic new developments in medicine, agriculture, 


and industry promise long-time benefits for us all 


Scientists have long known that the secret core of the atom 
concealed vast stores of concentrated energy. Evidence that 
man had unlocked the secret came with the atomic bomb. 

Then came the task of developing methods to release this 
unbounded energy slowly, gradually, in ways of lasting 
benefit to all of us. 


ISOTOPES AN EXAMPLE—When uranium atoms are split 
they emit a barrage of highly active particles. Certain chem- 
icals placed in this barrage become radioactive and shoot 
off particles from themselves. Substances thus treated are 
called radioactive isotopes. 

When these chemicals are made radioactive their paths 

can be traced through plants and animals, showing the or- 
gans they affect. This may increase our understanding of 
the processes of life itself. 
FUTURE UNLIMITED — Atomic energy is also proving use- 
ful in industrial research and production. It promises to be 
even more valuable, however, in providing concentrated 
power for transportation, home, and industry. 


UNION CARBIDE’S PART—From the beginning UCC has 
had a hand in the mining and treatment of uranium ores, 
the development of engineering processes, and the produc- 
tion of special materials for the atomic energy program. 
Under Government contract Union Carbide manages and 
operates the huge research and production installations at 
Oak Ridge, Tenn. and Paducah, Ky. 

All of this activity fits in with the continuing efforts of 
the people of Union Carbide to transform the elements of 
the earth into useful materials for science and industry. 


STUDENTS and STUDENT ADVISERS: Learn more about the many 
fields in which Union Carbide offers career opportunities. Write for 
the free illustrated booklet “Products and Processes” which de- 
scribes the various activities of UCC in the fields of ALLOYS, CAR- 
BONS, CHEMICALS, GASES, and PLastics. Ask for booklet D-2. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET uC NEW YORK 17, N. Y¥. 


UCC’s Trade-marked Products of Alloys, Carbons, Chemicals, Gases, and Plastics include 
SYNTHETIC ORGANIC CHEMICALS ¢ EVEREADY Flashlights and Batteries * NATIONAL Carbons « ACHESON Electrodes « PYROFAX Gas 
ELECTROMET Alloys and Metals * HAYNES STELLITE Alloys « Prest-O-LITE Acetylene 
DYNEL TEXTILE FIBERS ¢ BAKELITE, KRENE, and VINYLITE Plastics « LINDE Oxygen « PRESTONE and TREK Anti-Freezes 
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What GENERAL ELECTRIC People Are Saying 


E. S. LEE 

Public Relations Division 
RECOGNIZE THE ENGINEER: In engi- 
neering, the product’s the thing. It 
is the product around which every- 
thing moves and toward which 
everything is directed. The scientist 
brings forth new knowledge from 
nature; the engineer forms that 
knowledge into products for people 
to have and to use. The engineer 
may improve present products or 
create new ones. 

This is what makes engineering 
universal; this is why engineers are 
in the forefront of every advance. 

Yet the man who uses the prod- 
ucts does so without thinking of the 
engineer who produced them. Little 
does the user know who created the 
idea in the first place, how it got 
into its present form, who will make 
it even better in the days to come, 
or how it is produced in ever-greater 
quantities through the design of 
even-better production tools. All he 
knows is this: he has the product and 
it gives him satisfaction. The engi- 
neer is not spontaneously recognized. 

The engineer has been so busy 
doing things that he has not brought 
his story to the people of our coun- 
try. Therefore they do not recognize 
the importance of his story, and 
thus far his recognition has been a 
problem for him alone. But today 
the seriousness of our world situa- 
tion has taken the problem out of 
his hands. It is now a problem for 
the nation—engineers must be con- 
served for engineering, and their 
numbers must be increased. 

This demands an earlier under- 
standing of the engineer by the pub- 
lic at large. It at that he 
receive the recognition due him in 
substantial degree. It demands that 
military assignments be made only 
for necessity in technical matters. 
It demands that secondary-school 
curriculums be complete with the 
necessary physics and chemistry 
and mathematics to provide the 
best training for those entering 
engineering schools. And it demands 
that those young people capable of 
advancing in engineering be eager 
to tackle the hard work which the 
training requires. 

There is an imperative need for 
this understanding if our nation is 


to advance its present world posi- 
tion. The creative ability of the 
engineer is meeting its greatest 
challenge. But now the engineer 
must create another new product: 
a universal and spontaneous recog- 
nition of the engineering profession. 


General Electric Review 


* 
S. P. NEWBERRY 


General Engineering Laboratory 

In the early excitement of the elec- 
tron microscope, research workers 
joined in a mad rush to obtain 
higher and higher magnification 
pictures. Nearly five years elapsed 
before it became generally recog- 
nized that magnifications of 10 to 
100 thousand times were far too 
great to correlate results with pre- 
vious magnifications. usually less 
than one thousand times. 

A practical idea of the difference 
in magnification can be gained by 
considering the 14-inch, 200-mesh 
specimen grid of the electron micro- 
scope. At 1000 times magnification 
its image is 10 feet across, and a 
single mesh opening is approxi- 
mately 2” square. Now at 100 
thousand times magnification the 
screen is more than \4-mile across 
and the individual mesh opening is 
over 17 feet. An 8” x 10” picture 
obtained at 100 thousand times 
represents a sampling of only .2% 
of the area of a mesh opening and 
only 2/100,000% of the tiny 1%” 
specimen we started out to explore. 
Experience has taught us that we 
must increase magnification in gra- 
dual steps of about 3X per step if 
we are to form a definite conclusion 
of how the minute structures are 
correlated with the over-all struc- 
ture. Indeed, when we change 
methods of viewing or methods of 
specimen preparation, it is often 
necessary to compare pictures at 
the same magnification, actually 


superimposing identical fields of 
view, so we may maintain continu. 
ity with past knowledge. 

After finding out that the highest 
magnification is not always the best, 
the electron microscopist has an. 
other important lesson to learn. He 
must realize that he cannot live in 
an “ivory tower,” solving problems 
by crystal gazing in his microscope. 
He must work with the people who 
have the problems in the shop. He 
must help them to choose and pre- 
pare samples, and they must help 
him interpret what he photographs. 
He should encourage the use of 
other equipment to support or 
check his own findings. The electron 
microscope adds the very important 
element of vision to problems which 
depend upon the ultrafine structure 
of matter, but it does not give all 
the answers by itself. 

7th National I.S.A. Meeting 
Cleveland, Ohio 

* 

G. A. MAYORAL 

Electronics Division 
THe Future or TeELeEviston: UHF 
television—which is essentially tele- 
Vision in a new segment of the radio 
spectrum—presents a_ challenging 
opportunity to American ingenuity 
both in engineering development 
and from the standpoint of pro- 
gramming, education, and commer- 
cial enterprise. No longer will tele- 
casting be limited by unavailability 
of frequencies, but the limit on the 
number of TV stations will rather 
be placed on the ability of the broad- 
easter to obtain his fair share of the 
audience. UHF TV makes possible 
a truly competitive system of tele- 
casting in accordance with American 
democratic principles. It will some 
day blanket the country with reli- 
able television signals from thou- 

sands of television towers. 


G-E Educational Service News 


GENERAL @@ ELECTRIC 
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| Telemetering, supervisory control and switching 
' functions cannot be left to cables whose perform- 
ance rating is just “‘so-so.”’ These functions require 
cables with constant day-by-day dependability and 
| the physical and electrical stability to stand up to 
| all kinds of arduous operating conditions. Human 
| lives as well as valuable property depend on proper 
| functioning of these cables regardless of operating 
conditions. 

Illustrated above is just one more example of the 
numerous tests that all ANHYDREX Super- 
| visory Control Cables must successfully pass. All 

ANHYDREX Signal and Control Cables are ex- 


tremely resistant to sunlight, weather, soil acids 
and alkalies, vibration and water. They are guar- 
anteed not to absorb more than 20 milligrams of 
water when soaked for seven days at 158° F. (70° C.). 

These cables are electrically stable with high di- 
electric strength, low power factor, and low dielec- 
tric constant. Even after prolonged submersion in 
water, these features are retained indefinitely. 
ANHYDREX Signal and Control Cables have no 
lead sheaths to crystallize or corrode. Their neo- 
prene jackets are not subject to electrolysis nor 
harmed by vibration. 

Specify ANH YDRExX Signal and Control Cables. 
Their light weight and small diameter make them 
easy to handle, splice and terminate. For more com- 
plete information, contact your nearest Simplex rep- 
resentative or write to the address below. 


WIRES & CABLES 


SIMPLEX WIRE & CABLE CO., 79 Sidney Street, Cambridge 39, Massachusetts 
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Pierced 20 times, LIFEGUARD STILL HOLDS AIR! 


Indoor archery champion, Jerry Amster, shot twenty arrows 
Tube. Pressure was 


deep into the New LifeGuard Safety 


Champion archer shows how LifeGuards 
SEAL THEIR OWN PUNCTURES! 


7 } Here’s dramatic proof 

' that the New Life- 

Guard Safety Tube will 

seal the punctures you 

, are likely to get. 

Pierced 20 times by 

i : ~ , hunting arrows, this 
tube still maintained correct pressure! 

As you see, the puncture-sealant flows 

around the puncturing object asit enters, 

seals the puncture completely as it is re- 

moved... there is no loss of sir pressure! 





SAFE AGAINST ALL BLOWOUTS! 
LIFEGUARD — 


Only a double air cham- 
ber can give you com- 
plete safety against all 
, blowouts! For no mat- 
ter how large the blow- 
out, the inner chamber 
steele 4 still holds a life-saving 
reserve of air, lets you come to a safe, 
controlled, straight-line stop. 

Only the New LifeGuard Safety Tube 
by Goodyear gives blowout protection 
proved by 18 years and millions of miles 
of driving! 


checked before the arrows pierced the tube and after the 
arrows were removed. There was no loss of air pressure. 


YOU SAVE 20% T0 43% PER WHEEL! 


This is the only protection against both 
blowouts and punctures that won’t wear 
out when your tires wear out! 

You can re-use your LifeGuards in 3 
or more sets of tires for 100,000 miles or 
more! You save 20% to 43% per wheel! 

Install LifeGuards in your present 
tires. Or have them installed when you‘ 
buy your new car. You’ll get full value 
for original equipment tubes; you’ll 
never notice the small extra monthly 
payment. Goodyear, Akron 16, Ohio. 


America needs better, safer roads. Let’s bring them up to PAR. 


NEW 


LIFEGUARD SAFETY TUBES 


LifeGuard, T. M.—The Goodyear Tire & Rubber Company, Akron, Ohio 


~ GOODSYEAR 


246 


THE TECHNOLOGY REVIEW 





EL! 


oth 
ear 


n3 
3 or 
eel! 


ent 


you’ 


lue 
u’ll 
hly 








: “Beware the ides of March.” 
A. Devaney, Inc., N.Y. —Shakespear 
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The Trend of Affairs 


A New Mineral Fuel 


HE term “mineral fuel” has commonly referred to 

coal and petroleum. Yet an official of the Atomic 

Energy Commission has recently stated that 
there is more potential energy in the known workable 
sources of uranium than there is in the world’s re- 
serves of coal and oil. The increasing interest in ura- 
nium as a source of industrial power is stimulated not 
only by the development and construction of atomic- 
powered engines for submarines, carriers, and air- 
planes, but also by indications that breeder reactors 
may soon be an actuality. A breeder reactor is one 
which can convert the common isotope of uranium, 
U*88, (or of thorium) into plutonium by use of the 
fissionable isotope U***. The trick, of course, is to 
obtain one or more atoms of plutonium for every atom 
of U*** expended, and to recover at high-temperature 
levels the tremendous quantities of power given off 
during the process. 

In the future large amounts of electric power may 
be generated by nuclear fission. The possibility of the 
process has already been demonstrated on a small 
scale by a reactor testing station of the Atomic Energy 
Commission, and industry is co-operating with the 
Commission in surveys to determine how electricity 
can be produced economically by means of nuclear 
reactors. The most promising procedure seems to be 
to generate electricity as a by-product of plutonium 
production. At present, nuclear fission does not loom 
as a likely contributor to electric power generation 
for at least another decade, and it may always remain 
a heavy net consumer of — rather than a contributor 
to — electric power. But the civilian applications of 
uranium are certainly worthy of serious consideration. 

Uranium is not a particularly rare element in the 
earth’s crust, although finding concentrated ore bodies 
is quite another matter. The geologists estimate that 
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the igneous rocks which compose 95 per, cent of the 
outer 10 miles of the earth’s crust contain 0.010 per 
cent copper, 0.008 per cent uranium, 0.005 per cent 
tungsten, and 0.004 per cent zinc. There is actually 
about one-fourth as much lead in the earth’s crust as 
there is uranium. 

To contrast prewar attitudes toward uranium with 
today’s intense, if not frantic, search for this metal, 
consider this statement from a textbook on economic 
geology published prior to world knowledge of the 
atom bomb. “Uranium is desired chiefly to obtain ra- 
dium, but its salts are used to give yellow to brown 
colors for glass and glazes and for special alloys of 
steel, copper, and nickel.* 

The Atomic Energy Commission has listed the 
principal sources of uranium ore as the Colorado 
Plateau, the Belgian Congo and the Great Bear Lake 
region in Canada. New mines in northern Saskatch- 
ewan and in Australia appear promising, and devel- 
opments to obtain uranium as a by-product of the 
gold mines of South Africa and the phosphate mines 
of this country are under way. 


Shine "Em Up 


ASTE marks can occasionally be found even in the 
C relatively caste-free American society. Thus in the 
May, 1952, issue of The Review,} Frederic W. Nord- 
siek, ‘31, told how writing implements have become 
caste marks in the modern business office hierarchy. 
An American caste mark of even wider import is the 
shoeshine. For the shining of shoes has no hygienic 
significance and little utilitarian importance, but is 
purely a matter of appearance. Indeed the laboring 
man may wear out pair after pair of shoes with never 


* Alan M. Bateman, Economic Mineral Deposits (2d ed.: 
New York: John Wiley and Sons, Inc., 1950), page 614. 
t “Having Writ, Moves On,” 54:357. 
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a thought of a shine, whereas the affluent executive 
usually has his shoes shined daily — even twice a day 
if he attends some evening function. 

A curious aspect of shoeshining is that this is the 
only cleaning operation applied to human apparel 
while it is worn. Clothing, hats, and gloves are always 
removed before being dispatched to the laundry or 
cleaner; but the traditional cleaning and shining of 
shoes is performed while the wearer perches on a 
shoeshine stand or places his foot upon the box of 
an itinerant bootblack. 

This procedure in cleaning shoes arises in part 
from the particular methods needed to refurbish 
leather. For leather remains the principal material 
used to make shoe uppers. Although cloth and plastics 
have some applications in women’s shoes and in sport 
footgear, no material other than leather provides that 
material’s toughness, flexibility, limited porosity, and 
the particular working qualities needed to mold the 
complicated contours of shoe uppers. Leather has 
one adverse quality, however, a tendency to crack 
and crumble in time. Postponement of such deteri- 
oration is the one practical aspect of the shoeshine, 
which otherwise has a purely aesthetic significance. 

The ritual of the shoeshine exhibits minor local 
variations, but is basically the same everywhere. First 
comes cleaning, which is accomplished with a water- 
base cleaning fluid and a stiff brush. Then “lotion” 
is applied; this is an emulsion of oils designed to 
soften the leather and postpone deterioration. Finally 
wax is spread over the entire shoe upper, and is 
brought to a high gloss by scrubbing with a horse- 
hair brush,++ followed by buffing with a cotton flannel 
cloth. Dyes approximately matching the original 
shade of the shoes are usually incorporated in cleaner, 
lotion, and wax, in order to maintain a uniform color 
of the shoes by filling in scuff marks. 

Although laundering and dry cleaning have been 
extensively mechanized, shoeshining remains inher- 
ently a hand operation. This fact, plus the custom of 
shining shoes while they are worn, gives rise to that 
sociological phenomenon, the itinerant bootblack. 
These men (or boys) carry their tools and materials in 
a small box, on top of which is a rest to accommodate 
the customer's shoes. On the streets of many com- 
munities, in barbershops, or at small stands where 
many persons pass by daily, and in the corridors of 
large office buildings, may be seen these peripatetic 
shoeshiners. Like police or taxicabs, they appear to 
be most numerous when their services are least re- 
quired, but are conspicuous by their absence when 
urgently needed. On the city streets, their numbers 
do not appear so frequently as in bygone years. It is 
hard to say whether this observation can be attributed 
to the comparatively elevated status of the working 
man or to the decline of private enterprise. Under 
modern conditions, one might expect this tribe to 
thrive: the capital required to set up business is 
exceedingly modest; there are no books to keep; no 
employees or unions with which to bargain; shop lo- 
cation can be adapted to current needs; and opera- 
tions can be suspended at a moment's notice should 
a run of consistently good business throw the entre- 

tt See “No Brush-Off,” The Technology Review, 53:465 
(July, 1951.) 
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preneur into a higher income tax bracket where fur- 
ther return is not worth the effort. But possibly the 
decline in their numbers is the result of inexorable 
economic forces which price much of today’s personal 
service beyond reasonable means, for certainly the 
“nickel shine” is as obsolete and antiquated as. the 
penny newspaper, the five-cent cigar, or the free 
lunch that went with a cool draught of lager. 

Elite of the shoeshine craft are the bootblacks of 
the business offices. These artists pay daily visits to 
the top executives of the various concerns, whose 
shoes must by custom be maintained in a state of 
high brilliance, but who of course cannot take the 
time to perch on the chairs of a shoeshine parlor. 
These busy men extend one foot at a time to the minis- 
trations of the bootblack, while sitting at their desks 
—telephoning, dictating correspondence, or even 
while conducting meetings. The same bootblack pays 
occasional professiona! visits to other employees 
throughout the office —the frequency being deter- 
mined by the administrative level of the individual, 
which fixes the degree to which his shoes need to 
gleam. Thus the bootblack may be the only person 
who has regular daily contacts with all levels of the 
office society; and who therefore can, for example, 
give a lowly clerk firsthand reports of the current 
disposition or indisposition of the head man of the 
organization. 

These peripatetic bootblacks, like barbers, fre- 
quently develop into conversationalists and philoso- 
phers of sorts. Also they are often punctilious crafts- 
men, with considerable pride in the quality of their 
work. And, like all craftsmen, they are apt to be jeal- 
ously critical of their colleagues. Thus one member of 
the large crew of bootblacks operating in a huge mid- 
town New York office building complex, that covers 
several contiguous blocks, tells his customers that he 
is the only member of the squad who does not give 
a “military shine.” When pressed for an explanation, 
he replies, “You know —a good soldier never looks 


behind!” 


Library Receives First Copy of 
First Book Made by New Process 


HE first copy of the first book set by a revolution- 

ary type-composing process was presented to the 
Institute’s library during a luncheon ceremony held 
at the Faculty Club on February 5. The book, The 
Wonderful World of Insects by Albro T. Gaul, is the 
gift of the Graphic Arts Research Foundation, Inc., 
of which William W. Garth, Jr., 36, is president. The 
Foundation has developed the photographic type- 
composing machine based on inventions of two 
French communications engineers — Rene A. Higon- 
net and Louis M. Moyroud. The photographic com- 
posing process produces a photographic negative of 
text material from which metal plates may be etched 
for the actual printing operation. Composition by the 
new method is accomplished with a machine which 
has a standard typewriter keyboard. The new method 
permits lines to be justified or spaced as required, 
gives the operator a wide choice of type sizes and 
fonts, and eliminates the need for storing substantial 
quantities of type metal. 
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Prevention of Rust 


Important Applications in Retarding Corrosion of Pipe Lines 


and Ships Stem from Researches on Electrolysis 


By HERBERT H. UHLIG 


nN March, 1824, a significant experiment in corro- 

sion control was under way at Portsmouth, Eng- 

land. Sir Humphrey Davy, well-known head of the 
British Royal Institution, fitted several cast-iron 
blocks onto the keel of the Sammarang, a British war- 
ship of 28 tons. Like all ships of that period, it was 
a wooden vessel with an underwater portion sheathed 
with copper in order to discourage damage by the 
teredo or shipworm. The cast-iron blocks, totaling 
one-eightieth the area of the copper sheathing, were 
applied near the stern and bow for the purpose of 
protecting the copper from corrosive attack by sea 
water. Sir Humphrey and his assistant, Michael Fara- 
day, previously showed in the laboratories of the 
Royal Institution that metals like iron, tin, or zinc, 
attached to copper in certain area ratios, protected 
the copper from corrosion in salt water; hence, they 
were anxious to prove that this idea was applicable 
to seagoing ships. 

The Sammarang, after this something “new” was 
added, made a trip to Nova Scotia, returning to Eng- 
land in January, 1825. Davy was on hand at Ports- 
mouth to examine the ship and to determine the 
outcome of his experiment. He found everything satis- 
factory and in accord with what he expected. The 
copper was bright for a considerable space around 
the cast iron, and only at the central parts of the ship 
did green copper corrosion products show. Even here, 
according to Davy’s report, there were but small 
quantities of light powder. He observed slight ad- 
hesion of rust around the cast-iron protectors at the 
stern, and on the rust were attached a few marine 
plants and animals. The appearance was considerably 
better than the previous spring when all the hull was 
covered with a thick green copper carbonate and 
copper oxychloride. 

However, the newspaper reporters perturbed Davy 
with their account in the London papers. They stated 
that the Sammarang returned to Portsmouth covered 
with weeds and barnacles, implying that the iron 
attached to the copper had not succeeded in keeping 
them off. Sir Humphrey admitted to fouling in local 
areas, but this, he stated, was not a serious matter. 
Important, in his opinion, was the fact that the copper 
sheathing had been protected from corrosion; hence, 
this constituted a promising method for saving the 
British Admiralty both expense and holdup time 
needed for repairs. 

The British Admiralty heartily endorsed the ob- 
jectives of Davy’s tests and readily co-operated in 
several trials to establish whether the Navy might 
benefit. But the drawback of the idea, so far as one 


MARCH, 1953 


can tell at this point, was the accompanying increased 
fouling by marine organisms, far more serious than 
Davy had estimated. The Navy, of course, accepted 
the prospect of longer life for copper sheathing, yet 
could hardly tolerate being slowed down even a knot 
or two by the accumelation of whiskered biological 
appe ndages to the hull and to the keel. When it was 
a question of accepting corrosion and high costs, or 
economy and a slower getaway, the military answer 
then was the same as is the inevitable answer now. 

Davy’s idea, therefore, was inherently correct in 
concept, but, like many laboratory experiments, it was 
not wholly successful in the particular practice 
chosen. Unknown to Davy, biological organisms com- 
mon to sea water happen to dislike sitting on copper 
undergoing normal corrosion because of toxic copper 
salts slowly released, but the same organisms have no 
objection to making their home on copper if the metal 
is prevented from corroding, as when iron blocks are 
in electrical contact. (In sea water, about 0.05 milli- 
gram of copper corrodes per square centimeter ex- 
posed surface per day.) Davy later had hoped to regu- 
late the protection so as to partially reduce corrosion 
of copper and, at the same time, discourage fouling 
organisms, but this, it turned out, was not easily done. 

However inauspicious these first trials were, Davy 
established in the records the idea of a powerful and 
practical means for protecting all structural metals 
from corrosion. Successful large-scale applications 
came much later, at a time when metals were used far 
more generally than in 1825. The subject of corrosion 
gained reasonable notice perhaps not before the be- 
ginning of the Twentieth Century, when iron and 
steel production, to keep in step with the expanding 
industrial age, had increased to 10,000,000 tons an- 
nually. Many steel structures were then being erected, 
and large-scale production of labor-saving machinery 
was initiated. It gradually became apparent to engi- 
neers that the inevitable corrosion of metals was 
slowly but irretrievably undoing all that was being ac- 
complished. However, corrosion, they thought, like 
the weather, was mostly something beyond their con- 
trol. One could perhaps paint and use metallic coat- 
ings to help preserve a bridge or a ship, or with steel 
very cheap, it was always easy to overdesign, allow- 
ing sufficient thickness of metal for producing rust, 
yet allowing enough residual metal for an operable 
and safe structure over the course of 10 or 20 years. 
How long could this go on even in an economy of 
plenty? 

It was here that Davy’s idea provided at least a 
partial answer. Although his idea was apparently in 
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Fig. 1. Sketch of corroding metal (left) and prevention of cor- 
rosion by cathodic protection (right). 


limited use before 1900 for prolonging the life of 
steam condensers and the sterns of ships, it was not 
until about 1910 that the method was improved upon 
and extended to the protection of buried pipe lines 
and cables. Decades later, Davy’s method, now called 
cathodic protection, was applied to canal gates, ma- 
rine structures, water tanks, and chemical equipment. 
Cathodic protection today is big business and em- 
ploys in this country alone thousands of engineers, 
technicians, and auxiliary personnel. It has helped in 
a major way to save dollars and to conserve steel and 
human effort. 


Mechanism of Cathodic Protection 


Corrosion is attended generally by electric currents 
at the metallic surface which cycle through the metal 
and the water solution in contact. The action is identi- 
cal to that of a flashlight cell, in which corrosion of 
the zinc container supplies the major energy for light- 
ing the bulb. The zinc container is one electrode of the 
cell, and the center piece of carbon the other elec- 
trode, with an ammonium chloride solution acting 
as a conducting aqueous solution or electrolyte. The 
more the cell is used, the sooner does the zinc con- 
tainer corrode through, and in the extreme, a copper 
wire placed across the terminals reduces the life of 









No. 12 Solid, Type SN Lead Wire 
















Ms SERS A 6M ot ANY dd 8AM os We Megs, NN wy 107} 
MRL ED Beep Er ae S08 Fo YIISA 
sR i 

et: A .4 ot rae Oe 
oe eS ag TO 
URE, 





My: Plaster of Paris to in- WF}, 
* erease Conductance to 3 BY: 
Soil and Decrease y 
Extraneous Corrosion 
of Magnesium. 


Braze Wire to Steel Lug and Arc 

Weld Lug to Pipe Line. On Covered 
Pipe Lines insulate Connection and All 
Exposed Metal. More Than One Anode 
Can Be Connected to One Lug- 











Fig. 3. Cathodic protection of pipe line using magnesium 
anode. 
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Fig. 2. Pipe line protected from rust by means of impressed 
electrical current. 


the cell to a few minutes or hours. A corroding metal 
is closely analogous to such a short-circuited flashlight 
cell. A portion of the metal surface takes the place of 
the zinc container; other areas, such as impurities, act 
like the carbon, and the corrosive medium, which 
could for example be salt water, forms the electrolyte. 
The quantity of electricity produced and the corre- 
sponding corrosion are essentially proportional as 
Michael Faraday so ably proved in the 1830's. 

The electrochemical nature of corrosion was sus- 
pected soon after Volta’s announcement in 1800 of his 
“pile” for producing electric current. The latter was 
made up of dissimilar metal couples stacked one on 
the other and separated by paper or cloth impreg- 
nated with salt solutions. Several scientific papers on 
the relationship of reactions in the pile to corrosion 
of metals appeared in the early 1800's. But it remained 
for Willis R. Whitney, 90, in 1903, while Assistant 
Professor of Chemistry at M.I.T., to formulate a ma- 
ture and generally acceptable electrochemical theory 
of corrosion based on the new physical-chemical con- 
cepts developing at that time in several European 
laboratories. It was his paper that stimulated the in- 
terest of engineers and scientists, whose attention to 
the subject had been focused previously by its in- 
creasing economic significance. One of the engineers 
so interested was William H. Walker, founder of the 
Department of Chemical Engineering at M.LT., 
whose researches in corrosion (1908), carried on with 
the aid of his students, established some of the founda- 
tions of modern corrosion-control methods for water 
and boiler systems. 

Cathodic protection is a means for overcoming or 
neutralizing electric currents which are responsible 
for corrosion at a metallic surface. This is done by 
supplying an external electric current to the metal 
through the corrosive medium sufficient to overcome 
natural corrosion currents leaving the metal and enter- 
ing the electrolyte. (Areas from which current enters 
the electrolyte are called anodes, as contrasted with 
areas where current enters the metal from the electro- 
lyte, called cathodes. Corrosion usually occurs only 
at the anodes.) The situation is not unlike the con- 
tinuously climbing squirrel in a rotating cage who 
gets nowhere in the frame of reference passing 
through the axis of the cage despite much running. 


THE TECHNOLOGY REVIEW 

















Me 
wit 
wh 
con 
ver 
this 
ros! 
pro 
to ; 


irol 
or s 
as 
sca 
ent 
(Fe 
exp 
acc 
pre 
rig] 
im! 
a | 
bal 
On 
irol 
is s 
ele 
mil 
pol 
riu: 
me 
are 
ros 





'  —-_ AUS OD 


— 


" wa 


























~ Steel 
Anode a 


Bronze 
Cathode 


Current Fiow 
Steel Anode 


Fig. 4. Steel corrodes at accelerated rate in unprotected ship 
having steel hull and bronze propeller. 


Metal ions, tending to leave the metal lattice in accord 
with their normal corrosion behavior, find themselves 
where they started because current entering the metal 
continually tends to bring them back, thereby pre- 
venting their entering solution in water. As long as 
this external current is supplied adequately, no cor- 
rosion of the metal can occur; in this sense, cathodic 
protection is capable of reducing corrosion virtually 
to zero. 

A sketch illustrating the mechanism is given in Fig. 
1. The left-hand figure shows a metal, in this instance 
iron, exposed to a corroding environment like water 
or soil. For our purposes, mill scale on the surface acts 
as one electrode, and iron exposed at a break in the 
scale acts as the other electrode. Because of the inher- 
ent potential difference existing between mill scale 
(Fe,O,) and iron, current flows naturally from the 
exposed iron through the electrolyte to the mill scale 
accompanied by corrosion of the exposed iron. This 
process continues until all the iron is consumed. In the 
right-hand figure, an auxiliary electrode (anode) is 
immersed in the same water or soil, and, by means of 
a battery, supplies current to the iron sufficient to 
balance out or exceed current leaving the iron surface. 
Once this is achieved, no current leaves the exposed 
iron surface; hence, no corrosion occurs, and the iron 
is said to be cathodically protected. In terms of the 
electrochemical theory of corrosion, it is said that the 
minimum external or impressed current for protection 
polarizes the pre of the mill scale to the equilib- 
rium potential of the iron with respect to its environ- 
ment. Therefore, the metal surface no longer contains 
areas of differing potentials, and for this reason cor- 
rosion currents cease. 


Cathodic Protection Applied 

It is obvious that cathodic protection will work in 
almost any corrosive environment so long as suffi- 
cient current from the auxiliary electrode can reach 
the metal. In his original experiments, Davy proved 
to his own satisfaction that protection could not be 
obtained through the “thinnest stratum of air or the 
finest leaf of mica, or of dry paper; but the action 
. . . did not seem to be much impaired by the ordi- 
nary coating of oxide or rust; nor was it destroyed 
when the finest bibulous or silver paper, as it is com- 
monly called, was between them, being moistened 
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Fig. 5. Steel hull may be protected by sacrificial zinc plates 
(black) which are gradually consumed. 


with sea water.” In other words, only that metal in 
contact with a conducting solution is protected; metal 
above the water line corrodes as usual. 

The greater the natural corrosion rate, the more 
current must be supplied to overcome corrosion. A 
steel tank containing hot pickling acid may require 
35 amperes per square foot of steel surface, but ma- 
rine piling may require only two to three milliamperes 
per square foot, and a buried pipe perhaps one to 10 
milliamperes per square foot. The precise current re- 
quired me pee on many variables, and is usually 
determined at the time cathodic protection is installed 
and is often checked at periodic intervals thereafter 
to assure proper performance. 

In practice, current is supplied by means of a ol 
erator or from a rectifier. Or the method proposed by 
Davy can be applied mg is metal more active, elec- 
trochemically speaking, than the metal to be pro- 
tected. For instance, iron can be used to protect 
copper as Davy found in his experiments, because 
copper is a more noble metal than iron, the combina- 
tion in sea water forming a galvanic cell which sup- 
plies its own current. Similarly, zinc or magnesium 
can be used to protect iron and steel. Magnesium is 
more active than zinc; furthermore, it maintains cur- 
rent over a longer period of time in many environ- 
ments, so that it is presently used more than zinc or 
other metals proposed for this purpose. 
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Fig. 6. Cathodic protection of domestic water tank, using mag- 
nesium anode. 
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To protect a buried pipe line, therefore, one merely 
connects the negative pole of a rectifier or generator 
to the pipe, and the positive pole to an auxiliary elec- 
trode, thereafter regulating the impressed current to 
its proper value (Fig. 2). Or one or more cylindrical 
blocks of cast magnesium can be attached to the pipe 
through an insulated copper cable. The number of 
these so-called sacrificial anodes of magnesium de- 
pends upon the electric resistivity of the soil and the 
area of steel to be protected. Each magnesium anode, 
usually weighing 15 pounds or more, must be re- 
placed about every one to 10 years depending on the 
current it is called upon to supply. Magnesium anodes 
are used especially where a power line is not avail- 
able, since they are essentially a source of portable 
power, each pound of magnesium being equivalent 
to approximately 500 to 600 available ampere-hours. 
They are also often used because of the simplicity of 
installation and the minimum requirements for in- 
spection and maintenance thereafter. 

Domestic hot-water tanks can be protected by in- 
serting a long rod of magnesium inside the tank and 
in electrical contact with it. If electrical conductivity 
of the water is high enough, as when the water con- 
tains dissolved salts, the tank will last many years, so 
long as the magnesium rods are replaced as often as 
the conditions of operation require. This may be per- 
haps every five years. In waters of lower conductivity, 
as in New England, usually not enough current flows 
between the magnesium and the tank wall to com- 
pletely protect the tank, but several years of addi- 
tional life may be provided, nevertheless. Larger 
industrial water tanks for hot or cold water, in gen- 
eral, make use of impressed current from rectifiers 
rather than sacrificial anodes, because dimensions are 
greater, the electrolyte path is longer, and, hence, the 
required voltage to obtain the protective current is 
correspondingly higher than that provided by the 
magnesium-iron galvanic cell. 
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Fig. 7. Cathodic pro- 
tection of pipe line is 
illustrated in _ this 
half-tone. Here an 
anode is being low- 
ered into a hole par- 
tially filled ~ with 
prepared backfill, to 
retard corrosion of 
the pipe line enter- 
ing the ground at 
the right. 
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The proper value of current for any installation is 
checked by measuring the potential of the protected 
structure with respect to a standard half cell. For 
example, the potential of protected iron or steel must 
usually be at least 0.85 volt with respect to a copper- 
saturated copper sulfate reference cell. Sometimes, 
indicator papers sensitive to iron salts or weighed 
iron coupons are attached to a buried pipe or tank 
to indicate the extent of protection. 

When a buried pipe line or buried tank is protected 
using impressed current, the auxiliary anode is 
usually of scrap iron or carbon. Scrap iron corrodes in 
proportion to the impressed current, but the iron 
ground bed, so called, is readily replaced at little ex- 
pense. With graphite or carbon, a somewhat higher 
voltage is required in order to persuade gaseous elec- 
trolysis products to release themselves at the elec- 
trode surface; hence, more energy is required with 
their use than with iron, but the electrodes last per- 
haps 10 times longer. In sea water, electrodes of iron, 
graphite, or noble metals are used. In fresh water, iron 
or aluminum are satisfactory for many applications. 

It is common practice today to apply a noncon- 
ducting coating to the protected structure in addition 
to cathodic protection. In this way, current require- 
ments are reduced to a minimum, and distribution of 
the protective current is automatic to defects in the 
coating, precisely where corrosion occurs. This makes 
it possible in some soils for one magnesium anode 
to protect as much as five miles of buried pipe line, 
whereas in absencé of a coating, perhaps only 10 to 
100 feet of line would be protected. It is this factor 
that has helped make the economics of cathodic pro- 
tection so attractive to pipe line and oil companies 
who are responsible for about 800,000 miles of buried 
pipe within oil producing areas and for distribution 
of gas and oil to all parts of the country. The freedom 
of cathodically protected pipe from leaks and general 

(Continued on page 288) 
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A New Line for Surgery 


Study of the Fundamental Properties of Proteins 


Improves Quality of Surgical Sutures 


By IRWIN W. SIZER 


HE story of the creation in Genesis tells us that 

“. . . the Lord God caused a deep sleep to fall 

upon Adam, and he slept: and he took one of 
his ribs and closed up the flesh instead thereof;”* 
Thus it appears that the closure of wounds has in- 
terested man from time immemorial. The use of liga- 
tures for the control of bleeding is an ancient art 
which was practiced in Egypt and Assyria at least 
4,000 years ago. Led by Hippocrates, the Father of 
Medicine, the Greeks appreciated the use of sutures 
for sewing together the edges of wounds, in order to 
facilitate healing and to minimize infection which 
would probably occur. 

Early in the history of civilization, suturing was 
performed with an ordinary needle and thread of cot- 
ton or silk. But the need for an absorbable ligature 
for use in deep surgery seems to have become evi- 
dent by the beginning of the Christian Era. Certainly 
the writings of Galen (131-201 A.J.) indicate that he 
and other surgeons of the Roman Empire used dried 
gut for this purpose because of its strength and ab- 
sorbability. For centuries, musical instruments had 
been made with strings of gut so that Rhazes, emi- 
nent Persian surgeon and musician of about 800 A.D., 
found it both natural and convenient to use the same 
material for mending his stringed instruments as suf- 
ficed for the repair of abdominal wounds. For more 
than a millennium thereafter, fiddle strings were as 
much a part of the tools of the musician as of the 
practitioner of medicine, as a Sixteenth-Century text- 
book on medicine reveals (Fig. 1). In fact, it was not 
until the latter part of the Nineteenth Century that 
surgical catgut replaced strings of musical instru- 
ments for medical use. 

During the Twentieth Century major strides have 
been made in the science and technology of suture 
design for specific surgical requirements, and suit- 
able materials have been selected and manufactured 
for sewing particular tissues together. In general, 
nonabsorbable sutures are used for stitching together 
layers of skin. Silk and cotton are the most commonly 
used materials for this purpose, although there is 
some use for wire sutures of stainless steel or tan- 
talum, as well as for plastic threads of nylon or other 
materials. Catgut is commonly used for suturing deep 
incisions because such a suture will disappear as a 
result of absorption after the wound has healed. 
Recent progress in the manufacture of catgut has 
resulted in the production of a highly purified, ex- 
tremely strong, suture whose rate of absorption can 
be made rapid or slow to suit the surgeon's require- 

* Genesis 2:21 
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ments. In a very real sense, therefore, it is now possi- 
ble to obtain a suture to suit your incision. 

Contrary to popular belief, catgut is not obtained 
from cats (although cats might be a suitable source of 
supply) but is made from the small intestine of sheep. 
Although ancient surgeons employed crude gut for 
sutures, modern chemistry and technology have 
made possible a much superior product — using only 
the purified connective tissue fraction of the intestine. 
Mechanical treatments, such as slitting the gut into 
ribbons and crushing and scraping off undesirable 
portions (for example, the glandular mucosa, the out- 
ermost mesenteric coating, the serosa, and the inner 
layers of muscle, or the muscularis), are employed to 
leave the desirable connective tissue, the submucosa, 
from which catgut is made. Further purification of 
the tissue is accomplished by additional mechanical 
manipulation interspersed with such chemical treat- 
ment as extraction with water, dilute alkali, or other 
solvents. The submucosal ribbons thus prepared con- 
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Fig. 1. Suture of face, from textbook published about 1500. 
Skin clips, balls of surgical thread, needles, and finger rest 
used in suturing are shown. 
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sist of the protein, collagen, which is about 90 per 
cent pure. The ribbons are tanned with chromium 
salts to produce chrome sutures which will be slowly 
absorbed, but no tanning is necessary in making plain 
sutures which will be rapidly absorbed. Several rib- 
bons are then twisted together, stretched, and slowly 
dried under tension to impart high tensile strengh to 
the completed suture. When dry, sutures are polished 
to appropriate size, after which they are heat ster- 
ilized and packaged in a nonaqueous solvent, ready 
for use in the operating room. 

From the chemical point of view, catgut consists 
of almost pure collagen, the fibrous connective tissue 
protein of great strength which is the major con- 
stituent of skin, leather, and tendons. When partially 
degraded, catgut is converted into glue, and when 
more extensively hydrolyzed, yields gelatin. Gelatin, 
in turn, can be broken rs into a variety of amino 
acids which are the building blocks of proteins. The 
amino acid content of collagen is quite unusual; sul- 
fur-containing amino acids (such as methionine and 
cystine) and the benzene derivatives (phenylalanine, 
tyrosine, and tryptophan) are either absent or pres- 
ent only in small amounts, whereas the imino acids 
(proline and hydroxyproline) and glycine are present 
in surprising abundance. This unusual composition of 
amino acids makes collagen or gelatin a poorly bal- 
anced food, but apparently it also accounts for the 
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R. S. Bear, Adv. in Protein Chem. 7:69 (1952) 


Fig. 2. Diagrammatic representation of collagen fibers as seen 
. at different magnifications. 
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low antigenic properties of collagen compared to the 
high allergic response produced by other proteins 
when introduced into the body. The very slight anti- 
genicity of collagen is of paramount importance since 
it is the primary reason why only minimum irritation 
occurs when sheep gut is embedded in human tissue, 

Ancient nomadic man of the Paleolithic era took 
advantage of the great strength of sinews by employ- 
ing them for bow strings in hunting with primitive 
bow and arrow. With a breaking stress of 60,000 to 
70,000 pounds per square inch, modern catgut is 
about as strong as steel. The physical and chemical 
properties of catgut are a considerable asset in sur- 
gery. Initially the suture is much stronger than neces- 
sary to hold cut tissue together. During the healing 
of the incision, however, catgut sutures are absorbed 
due to the action of digestive enzymes in the blood, 
and slowly lose strength until completely absorbed. 

At the beginning of World War II, it seemed un- 
likely that the usual sources of natural catgut would 
be adequate to meet civilian and military require- 
ments simultaneously. The Department of Biology at 
the Institute therefore initiated an intensive study of 
collagen obtained from beef heel tendons and hides, 
with the hope that an extruded synthetic absorbable 
surgical suture might be prepared as a satisfactory 
substitute for natural catgut. Sufficient success was 
achieved in this program so that by the end of World 
War II, fairly satisfactory sutures were being pro- 
duced in the laboratory. 

In the preparation of synthetic collagen sutures, 
fresh beef tendon was finely minced in dilute acetic 
acid. It was then freed from impurities by filtration 
and precipitation, and finally suspended as a uniform 
gel in a dilute solution of an organic acid. The gel 
was then extruded, as a fiber of 40 individual fila- 
ments, into a precipitating bath of acetone and an 
organic base. After spinning, the fibers were washed, 
chrome-tanned if required, stretched, dried, and ster- 
ilized with heat. Such synthetic sutures compared 
very favorably with natural catgut in every respect 
except that they were only about 75 per cent as 
strong as the natural product. With the conclusion of 
World War II, the heavy demand for catgut disap- 
peared, and the applied aspect of the collagen 
research program was terminated. Many of the sci- 
entists in this research program feel that it is by no 
means impossible to obtain a synthetic, absorbable, 


collagen suture (from beef tendon) which is as good 


as, or even superior to, natural catgut. 7 
From the beginning of this research, members of 
the Faculty of the Department of Biology were con- 
cerned with the broader problem of studying the fun- 
damental properties of the unusual collagen protein 
rather than confining their interest to the production 
of surgical sutures. For example, Professor Francis O. 
Schmitt, Head of the Biology Department, and Cecil 
E. Hall, ’48, Associate Professor of Biophysics, were 
concerned with problems of ultrastructure of collagen 
as revealed by the electron microscope. At the same 
time, Professor Richard S. Bear was approaching the 
identical problem of molecular structure by x-ray dif- 
fraction techniques. David F. Waugh, Associate Pro- 
fessor of Physical Biology, studied the properties of 
collagen as revealed by physical chemical methods, 
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while Bernard S. Gould, ’32, Associate Professor of 
Biochemistry, was concerned with biochemical stud- 
ies of collagen. The writer was. interested in the 
cleavage of peptide linkages in the collagen molecule 
by biocatalysts, the proteolytic enzymes; this action 
was studied in the test tube, using enzymes from the 
digestive track and elsewhere, and in rabbits and 
frogs — letting the enzymes of living tissue break 
down the collagen. 

These studies at M.I.T. have revealed a hierarchy 
of structure as the primitive collagen fiber of connec- 
tive tissues is viewed through progressively more 
powerful magnifying devices (Fig. 2). The native col- 
lagen fiber, seen with the ordinary light microscope, 
is shown by the ultramicroscope to consist of many 
fibrils. The electron microscope and the x-ray diffrac- 
tion apparatus indicate the fibrils to be made up of 
bundles of filaments, each filament having a banded 
appearance like a zebra, with the cross-striations 
about 640 angstroms apart (Fig. 3). The fibrils, ac- 
cording to x-ray data, are made of protofibrils which 
are deduced to consist of polypeptide chains of amino 
acids linked together, head to tail, and arranged in a 
spiral staircase, or helix, (Fig. 4) along the protofibril. 
When collagen is tanned with tannic acid or chrome 
salts, to form leather or catgut characterized by slow 
absorption, it is believed that the tanning agent is at- 
tached to reactive chemical groups of two adjacent 
polypeptide chains, and in this manner holds together 
the protofibrils and inhibits their disruption by water, 
heat, and enzymes. 

The breakdown of the collagen molecule is a very 
“hard nut to crack” by both the chemist, who has to 
resort to treatment with boiling acid for many hours, 
and by the biologist, who has to search through both 
the animal and plant kingdom to turn up a very few 
enzymes capable of slowly attacking native collagen 
under physiological conditions. Successful in this re- 
spect in the test tube are the proteolytic enzymes, 
pepsin from the stomach and collagenase from Clos- 
tridium bacteria of the food-poisoning group. When 
the collagen fibril undergoes heat contracture, it be- 
comes digestible by practically all proteolytic en- 
zymes. The same is true of collagen reconstituted 
from an acidic solution. For this reason, untanned 
synthetic collagen sutures are more rapidly absorbed 
in the body than catgut. Tanning, however, makes 
the synthetic and natural sutures comparable with 
reference to digestibility in enzymes and absorb- 
ability in tissues. 

The problem of studying the digestion by enzymes 
of collagen fibers or catgut sutures can be approached 
in a number of ways. For example, one might use as 
criteria of digestion the release of amino acids, or 
acidic carboxyl groups or basic amino groups, or the 
decrease in weight or of strength of the fiber as it 
is digested by the enzymes. When the digestion of su- 
tures is investigated by the last two methods, results 
such as those shown in Fig. 5 are obtained, using 
trypsin from the pancreas as the proteolytic enzyme. 
It is interesting to note that during digestion the 
strength of the suture decreases much more rapidly 
than the weight. The surgeon is most interested in 
the decrease in strength of a suture as it is digested 
by tissue enzymes. For this reason a modification of 
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F. O. Schmitt and J. Gross 


Fig. 3. Collagen fibers stained and photographed with electron 
microscope, 


the strength test is currently used by all suture manu- 
facturers in their routine assay of catgut with en- 
zymes. In this method an ordinary lead fishing sinker 
is attached to the end of the suture and suspended in 
a test tube containing the enzyme (pepsin, trypsin, or 
papain). When the suture is sufficiently digested, it 
breaks, the weight drops to the bottom of the tube, 
and the digestion time in hours is automatically re- 
corded by a timing device. When such variables as 
enzyme concentration, temperature and acidity of the 
solution are carefully controlled, the digestion time 
of the suture is closely related to its absorption time 
in animals or man. 

The absorption of catgut or synthetic collagen su- 
tures in animals can be studied by inserting several 
lengths of suture in the subcutaneous tissues of a 
rabbit, leaving the ends protruding through the skin. 
At daily intervals a sample is pulled out and the ex- 
tent of digestion measured by studving ‘oss in weight 
and strength of the suture as a function of implanta- 
tion time in the rabbit. Weight change of catgut 
proves an unsatisfactory index of absorption for, un- 
like the enzyme digestion, the weight remains un- 
changed for many days in the rabbit. As indicated in 
Fig. 6, the strength of the suture is a much better 
criterion since it progressively decreases as the suture 
is gradually absorbed over a period of many days. 
The general similarity of the digestion curve of su- 
tures in enzyme solutions (Fig. 5), and the absorption 

















R. S. Bear, Adv. in Protein Chem. 7:69 (1952) 

Fig. 4. Helical model for the collagen em pape? chain 

(protofibril). The amino acids are linked to tail along 
this. chain. 
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Fig. 5. Digestion of a collagen suture in trypsin from the pan- 
creas. As hu ydrolysis proceeds, the suture gradually becomes 


weaker and lighter. 


curve of sutures in animals (Figs. 6 and 7), suggests 
that the two phenomena are fundamentally similar. 
Once a quantitative relationship has been worked 
out, it is possible to assay a suture for absorbability 
by an experiment of a few hours’ duration in an 
enzyme solution, as compared with animal assay 
which might take several ‘veeks. 

Although enzyme assay can be correlated with 
rate of suture absorption in a healthy person, the rate 
of absorption may be much greater in a very sick in- 
dividual. Bacteria which infect a wound may them- 
selves liberate digestive enzymes and call forth an 
accumulation of white blood cells which also produce 
enzymes capable of digesting collagen. In addition, 
a person who has recently undergone surgery is likely 
to run a fever which may be several degrees above 
normal body temperature. How will this affect the 
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Fig. 7, Absorption of collagen sutures in frogs at different 
temperatures as measured by loss in strength. 
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Fig. 6. Absorption of catgut in a rabbit as measured by loss 
in strength. The upper curve is for a chrome-tanned, the lower 
for a plain suture. 


rate of suture absorption? Experiments with enzymes 
indicate an increase of temperature of only four 
degrees C. will produce a 100 per cent increase in the 
rate of digestion of a suture. The effect of tempera- 
ture is not easily checked with a warm-blooded rab- 
bit, but with the frog, whose temperature is always 
that of the environment, this experiment at different 
temperatures is possible. It was found that sub- 
cutaneous sutures are absorbed extremely slowly by 
a frog swimming in ice water (Fig. 7), while at body 
temperature (37 degrees C.) absorption occurs with 
great rapidity. If people behave like frogs (they often 
do) a fever of seven degrees C. will produce a 100 
per cent increase in the rate of suture absorption. 

Although catgut is the most widely used type of 
suture and is the only absorbable one available, it is 
not always completely uniform, sometimes produces 
a mild tissue reaction, and is expensive to produce. 
For this reason, medical research is vitally concerned 
with finding a substitute with all the desirable, and 
none of the objectionable, properties of catgut. We 
have already discussed the encouraging results ob- 
tained by the M.LT. group which used beef tendon 
collagen’ for an absorbable extruded suture. Work 
with other synthetic protein fibers (for example, 
Aralac, Vicara) is not very promising since many of 
them are too weak and irritating to human tissues. 
Sutures from synthetic high polymers (for example, 
nylon, Dacron, Orlon, Dynel) are often very strong, 
show little tissue irritation, and may have most of the 
properties desirable in a suture except digestibility 
in enzyme solutions and absorbability in human tis- 
sues. It appears that the chemist will have to learn to 
build up high polymer filaments using bonds for 
which enzymes are specific. Such synthetic plastics 
may prove to be of great interest to the chemist and 
the enzymologist, since they may find other medical 
and biological uses in addition to that of absorbable 
surgical sutures. 

Research in the author's laboratory has been aided 
by a grant from the Ethicon Suture Laboratories. 
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Chemical Warfare 


Even with the Newest Developments in Nerve Gases, 


Public Enlightenment and Adequate Preparedness 


Are Major Factors in Combating Chemical Warfare 


By JAMES A. TOBEY 


the newer and more fiendish instruments of 
man’s consistent inhumanity to man. Actually 
it is almost as old as is the art of war itself; certainly 
as used in the past it has been no more inhumane 


(Fines warfare is often thought to be one of 








than bullets, bayonets, and bombs. The future career 
of chemical warfare could, however, be something 
else again. 

Five centuries before Christ, in the Peloponnesian 
War between Sparta and Athens, chemical warfare 
was employed in the form of burning sulfur and pitch. 
Throughout classic and medieval times a favorite 
weapon of armies was Greek fire, a hellish and highly 
combustible mixture of sulfur, pitch, and naphtha, 
with later fiery additions of quicklime, saltpeter, an- 
timony, and turpentine. This hot stuff was the remote 
ancestor of the modern flame thrower. 

The first effective use of chemical agents in modern 
warfare occurred on April 22, 1915. Previously, the 
Germans had attempted on two or three occasions to 
employ this illegal and outlawed method of warfare, 
but they had been ineffectual. At this time, in the 
spring of 1915, fighting on the Western Front had 
reached a complete deadlock of trench warfare. The 
desperate Germans sought, therefore, to achieve a 
more advantageous mobile situation by means of poi- 
son gas. They almost succeeded. 

In the late afternoon, on April 22, the troops of the 
French Colonial and Territorial Divisions on a four- 
mile front at Langemarck, beyond Ypres, in Belgium, 
were startled to see approaching them a dense cloud 
of yellowish vapor, while at the same moment all the 
German artillery opened up with a frightful barrage. 
When this yellow acrid vapor reached the trenches, it 


# caused terrible coughing, crying, sneezing, and burn- 


ing among the surprised soldiers. The superstitious 
African troops promptly abandoned the front and 
withdrew in panic to a canal several miles in the rear. 

Only darkness and valiant counterattacks by the 
Canadians, who held the adjacent sector, saved thz 
day for the Allies. If the Germans had not been too 
stupid and inept to realize how effective this first gas 
attack had been, and had followed up their advantage, 
the whole course of World War I might have been 
different. 

About two days later, the Canadians received their 
baptism of poison gas. Again the yellow cloud ap- 
proached, this time at 4:00 a.m., when the wind was 
favorable to the enemy. Despite a complete lack of 
protection against this new and horrible weapon, the 
tough and brave Canadians held fast for a time, but 
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finally were compelled to fall back. An unconven- 
tional method of warfare had won a large salient for 
the Germans, but they soon discovered that poison 
gas could not win their battles for them. 

This first chemical agent was chlorine, released 
from cylinders. The Allies did not retaliate until Sep- 
tember of 1915, when the British loosed chlorine from 
cylinders at the front at Loos. By 1916 the French had 
developed a gas shell which was much more effective 
than the use of cylinders, not only because it could be 
projected from batteries of mortars, but also because 
it contained a new and more deadly substance, phos- 
gene, or carbonyl chloride, which at first was mixed 
with chlorine but later was employed alone. By this 
time the Germans had discovered that poison gas was 
a two-edged sword, since most of the prevailing winds 
on the Western Front favored the Allies. It was dis- 
concerting to release gas and have it blow back in 
your own face. 

From that time on, in World War I, poison gases 
and liquids were continuously utilized on ali fronts. 
In July of 1917 the inventive and resourceful Germans 
came out with two new and better chemical agents, 
mustard or dichlordiethyl sulfide, and another vesi- 
cant containing an organic compound of arsenic, 
diphenylchlorarsine. The British promptly countered 
these with lewisite, or chlorovinyldichlorarsine, which 
was then thought to be highly effective and probably 
was, but is no longer in current favor. 

Mustard, unlike the chlorine and phosgene which 
blew away from the battlefield in about 10 minutes, 
was a persistent gas which lingered for a long time 
on the ground, in trenches and foxholes, and upon 
clothing. Not only that, it was also difficult to detect. 
Most forms of this gas were colorless and almost odor- 
less, except for a faint garlic scent, and the reaction 
was delayed. No sensation occurred immediately after 
exposure, but in a short time the eyes, the skin, and 
often the lungs were severely attacked. 

All of the poison gases caused casualties in World 
War I, but mustard caused the most. There are esti- 
mated to have been 800,000 gas casualties on all sides 
in this conflict, including about 70,500 among Amer- 
ican troops, who experienced their first gas attack on 
the night of February 25, 1918. It is significant to note 
however, that deaths from poison gas were only 2 per 
cent of the afflicted, a figure far below the mortality 
from bullets, shrapnel, and bayonets. 

Aside from running away, the only protection , 
against poison gas in those early days was a respira- 
.or. At first it was a makeshift device consisting merely 
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of a pad of cotton waste soaked in sodium carbonate 
and/or sodium thiosulfate, which was tied over the 
mouth. Later came a flannel helmet dipped in an ap- 
propriate solution, and finally the somewhat unwieldy 
manufactured gas mask, which fitted tightly over the 
- face and had a breathing tube attached to a canister 
filled with activated charcoal and other substances to 
filter out the noxious gases. Among my most vivid rec- 
ollections is my own first experience in 1918 with one 
of these contraptions. After I had donned the mask 
with great speed and skill, it refused to admit any air 
whatsoever. By frantic shaking and pounding of the 
canister and tube, I managed to get the thing working 
feebly, and thus was saved from suffocation. 

A more compact and more efficient gas mask was 
standard equipment for all American soldiers in 
World War II, along with impermeable clothing and 
special aid kits, but these were never used for their 
intended purposes. Whenever the going got rough for 
the foot soldier, the first thing he threw away was his 
gas mask, which might have been lifesaving. The Ger- 
mans had gas, including some new and extremely 
potent agents, but they never employed them. It was 
not humanity which deterred, but the knowledge that 
the United Nations had more and better chemical 
warfare agents and that retaliation would be terrible 
and perhaps decisive. Those agents are still available. 

During World War II the British developed a useful 
antidote for the vesicant gases, a substance known as 
BAL, or British Anti-Lewisite. This chemical, 2, 3 di- 
mercaptopropanol, is also effective against mustard, 
and is now supplied to troops in a Protective Ointment 
Kit, with full directions for its proper application. Al- 
though chemical warfare was not indulged in during 
the late conflict, much research was conducted and 
much progress was made. 

So much for the past. What about the present and 
future? All of the really efficacious poison gases and 
liquids which were used as long ago as World War 
I are still current in chemical warfare, often with cer- 
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tain devilish refinements. The lung irritants, chlorine 
and chloropicrin, are now considered to be passé, but 
phosgene is very much in the picture. Mustard and 
the newer nitrogen mustards are available, either for 
use straight or mixed with other vesicant or blister 
gases, such as the organic dichlorarsines. Then there 
are sternutators, or vomiting gases, such as adamsite 
(diphenylchlorarsine) which make the victim release 
his gas mask to vomit and thus expose him to other 
baleful fumes. There are also lachrymators, or tear 
gases, such as chloracetophenone; incendiary gases, 
such as thermite; and smoke screens, continuous and 
large doses of which may cause temporary illness. 

Also available are certain systemic poisons, such as 
hydrocyanic acid (prussic acid) and cyanogen chlo- 
ride, which have the disadvantage that they kill too 
quickly when dispensed in high concentrations. It is 
better military strategy to cause severe and lengthy 
disability and crippling. 

Last, but not least, we have the so-called nerve 
gases. From the physiological, psychological, and mil- 
itary standpoints, these nerve gases are by far the 
worst of the lot. They were developed by the Germans 
during World War II and are now in our possession 
as well as in that of our enemies. They are the chemi- 
cal agents which are most likely to be utilized in an- 
other world war, if we are so unfortunate as to have 
one, and they are likely to be employed against our 
large population centers as well as against the mili- 
tary forces. Today these nerve gases could be 
launched from aircraft and submarines, or by rockets, 
artillery, mortars, and bombs. They are, in fact, the 
most effective and most toxic agents for long-range 
chemical attack, either independently or in conjunc- 
tion with atomic and biological warfare.* 

The precise formulas of the several nerve gases 
have not been published, possibly for reasons of mili- 
tary security, but their effects are known and proper 
methods for their prevention, control, and treatment 
are understood. These highly toxic substances actually 
are light brown liquids which 
give off vapors on evapora- 
tion; the effects may be due 
either to these vapors or the 
liquid itself. Some of these 
nerve gases are odorless, 
while others have a_ very 
faint sweetish, fruity odor: 
some are nonpersistent, that 
is, are dissipated quickly - in 
the atmosphere, while others 
are persistent and linger in 
the attack area for hours or 
even for days. 

All of the nerve gases, 
whether in liquid or vapor 
form, are quickly and readily 
absorbed by the body through 
the skin, the eyes, the respira- 
tory tract, and the gastro- 
intestinal tract. High dosages 
cause ills resembling those of 

* James A. Tobey, “Biological 


Warfare,” The Technology Review, 
55:31 (November, 1952). 
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poisoning with pure nicotine 
or the muscarine from deadly 
mushrooms; symptoms are 
described in medical reports 
as similar to, but more pro- 
longed than, poisoning with 
physostigmine, the alkaloid of 
the Calabar bean of tropical 
Africa, which in proper 
amounts has certain legiti- 
mate uses in medical treat- 
ment. What happens is that 
the nerve gas causes inacti- 
vation of a necessary enzyme 
in the body, cholinesterase, 
and thus permits overpro- 
duction of the acetyl choline 
which reacts unfavorably 
upon nerves and smooth 
muscles. 

The first symptoms from 
any of the above-mentioned 
forms of poisoning, including 
the nerve gases, consist of an 
immediate feeling of tightness 
in the chest, with difficulty in breathing, severe con- 
striction of the pupils of the eye (miosis), dimness of 
vision, and a drawing or pain in the eyes. If the gas 
mask is put on at once when these relatively mild 
symptoms are manifest, these harassing signs may 
give trouble for only a few days and there is no real 
casualty. At the same time the skin can be protected 
by impermeable clothing, but the liquid nerve gases 
will easily penetrate ordinary clothing and impreg- 
nated permeable clothing, and will slowly penetrate 
rubber. These gases will also contaminate water and 
foods, except those in sealed cans. 

Aggravated symptoms will, of course, occur when 
much more than minimal doses of the nerve gases are 
inhaled or the skin is continuously contaminated. In 
such cases there is even greater difficulty in breath- 
ing, dimness of vision, headache and pain, cough, run- 
ning nose, and various other troubles. In severe cases, 
the victim displays cyanosis, or a bluish color of the 
body surface due to insufficient oxygen in the blood. 
and he is afflicted with tremors, convulsions, paralysis 
and, finally, death — unless heroic treatment meas- 
ures are instituted. 

Psychologically, the effects of these severe casual- 
ties of the nerve gases are terrifying and conducive 
to panic. The sight of men writhing with contorted 
features, gasping for breath, with massive salivation, 
incontinence, retching, and blue in the face will have 
a disastrous effect on the most hardened and battle- 
experienced soldiers. The panic among civilians 
would be terrible, especially in the highly neurotic 
segments of our large cities. 

There are, nevertheless, efficacious measures which 
can be taken in the early stages of such a nerve gas 
attack. Injections of atropine, supplied in a Protective 
Ointment Kit, will neutralize the effects of the gas on 
the eyes and lungs, while the skin can, and must, be 
quickly decontaminated with mild alkaline solutions. 
Atropine, carefully administered, will usually restore 
breathing ability, but in extreme cases, artificial res- 
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piration by the newer methods may be necessary. 
Complete directions for the treatment of nerve-gas 
casualities are given in a pamphlet issued jointly by 
the Army, Navy, and Air Force, but this booklet is 
intended primarily for physicians and aid men. Doc- 
tors who work on severe cases must wear masks and 
protective rubber gloves and aprons, frequently 
changed. 

Useful information for the laity on the nerve gases 
is given in the booklet entitled, Health Services and 
Special Weapons Defense, issued by the Federal 
Civil Defense Administration, Washington, D.C., in 
December, 1950. This valuable pamphlet covers the 
whole field of health protection and medical care in 
the event of atomic, freemen or biological attack. It 
has been distributed to local civil defense organiza- 
tions, all of whom must have on their staffs experts on 
chemical warfare defense, such as qualified physi- 
cians, chemists, or engineers. 

Unfortunately, the nerve gases cannot at present be 
detected by any means except the sudden develop- 
ment of clinical symptons in those exposed. If their 
use is attemped by a barbaric enemy, the first line 
of defense is obviously military, or prevention and 
interception of the attack. If such an attack should suc- 
ceed, immediate action by alert soldiers and civilians 
can do much to minimize the effects. This is one of 
the many instances where knowledge, supplemented 
by training, is power. 

Chemical warfare utilizing these newer nerve gases, 
atomic warfare employing A-bombs or H-bombs, and 
biological warfare using pathogens are not pleasant 
things to contemplate, but they are realities or poten- 
tialities which have to be faced in this disturbed mod- 
ern era. While they are fearful, they are no worse than 
some of the other disasters this world has had to cope 
with in the past, and will have to cope with again. 
They should not engender undue fear or anxiety, but 
a determination to meet and overcome these calami- 
ties if they should occur. 
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An Industrial Engineer Comments on 
the Technical Training of Students 


Having Different Aptitudes 


By ARAM BOYAJIAN 


DUCATION is a lifelong process; never fully and 
E completely attained, never finished, never final. 

In no two individuals is it ever quite the 
same, for the best education involves both academic 
training and the informal schooling of experience, 
combined with mental disciplines of infinite variety. 
Such variegated possibilities exist that the saying, 
“There is no royal road to learning,” has become axio- 
matic. A man can become educated without formal 
schooling, and the accumulation of degrees does not 
necessarily guarantee that the recipient is either cul- 
tured or learned. 

But even though education is a matter of personal 
effort, it need not be — and indeed should not be — 
a matter of isolated effort. In contributing to these 
experiences and mental disciplines which mark a truly 
educated person, formal training in academic insti- 
tutions can increase immeasurably the effectiveness 
of an individual's private efforts. By itself, a school or 
college cannot educate a man, but it can be of tre- 
mendous value in making his own efforts at self- 
education easier and more effective. It is desirable, 
therefore, that educational institutions be maintained 
and operated on such a basis as will enable them to 
maximize their contributions. Toward this end it may 
be desirable to make modifications in our educational 
system, from time to time, as the changing conditions 
of society appear to require. 

This paper suggests a somewhat different emphasis 
in engineering education than has been customary 
in the past. Whereas engineering training is usually 
classified as to civil, mechanical, electrical, or 
chemical engineering, the point of view developed 
here suggests a classification which more nearly 
meets the temperament and employment probabilities 
of professional engineers. The suggested classifica- 
tion, in the fields of (1) manufacturing engineering, 
(2) developmental engineering, and (3) application 
engineering, gives greater unity and interest to the 
student’s studies, and enables his instructor to main- 
tain a better perspective on the engineering curricu- 
lum or option as a whole. 
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The Edueation of 
TOM, DICK, AND HARRY sh 





fal 


To outline the merits of the proposed classification ~ 
in as painless a manner as possible, use will be made pl 
of a composite life story. The dramatis personae are shi 
real live people, but in the following story, they will 
bear the hypothetical names of Tom, Dick, and lis 
Harry. eq 
sec 
Tom f 

ac 


Tom’s parents had observed very early that their 
young son had an unusual interest in mechanical she 
devices. “He takes his toys apart to see what makes Me 


them go, and tests them to destruction,” they said lik 
His grandfather observed that Tom was always 
trying to fit things together, and he wagered em. on 


phatically that Tom would grow up to be a great qu 
engineer. As the old man was an engineer, his} lik 
opinion in this matter was considered authoritative. 

Tom was spoiled. Any instrument he fancied was ash 
bought for him. Long before he could obtain a driy- 
ing license, he had a jalopy. “Have to learn how the 
engine runs, and how to take care of it to justify a 
license,” he argued. Of a gregarious nature, he did 
not let studies interfere with “social obligations, @) 
as he expressed it. 

When grandfather arrived for Tom’s high-schodfJ 
graduation, he found the family in a funereal moog 
Tom had barely passed his studies, especially algebt 
and English, and because of his poor scholast 
record, his entrance application had been unfavo 
ably acted on by several colleges. More and mo 
Tom talked about opening up an automobile reps 
shop. Tom’s father was city solicitor and had alwa 
dreamed of a professional career for his son; an 
now that Tom could not enter college he was furio 
at Tom, at his mother, and especially at grandfathe 
Tom’s father had said to his wife bitterly, “You an 
your father are responsible for spoiling Tom and fe 
his early failure in life.” With tears in her eyes, Tom 
mother quoted those words to her father. 

“Great Caesar! Tom’s early failure in life!” grand 
father exclaimed in derision. “Have you people lo: 
your minds? I have planned and watched Tom 
education for the past 17 years, and so far it is on 
schedule with an excellent record. This week we are 
going to celebrate his graduation from high schoo 
and next week (maybe) his admission to a goog 
engineering college. Have faith in Tom and yo 
father, and wipe away your tears.” 

The day after the graduation celebration, grand 
father took Tom with him to a famous aircraft engin 
factory. While grandfather visited with some of hi 
friends from the Engineers’ Club, Tom was taker 
around the plant on an inspection visit. 

When Tom returned, he found his grandfathe 
talking to one of the company’s executives. Grand 
father was obviously proud to introduce Tom. “S¢ 
this is Tom,” said the executive affably, shaking 
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Tom’s hand. “You look fully as good as your grand- 
father implied. How would you like to work in our 
shops?” 

‘I'd pay you for the privilege. When may I start?” 

‘Don't let the union people hear you say an un- 
orthodox thing like that! You may start anytime you 
please. You will receive union wages, and you 
should apply for union membership the first day.” 

At luncheon, in a quiet restaurant, grandfather 
listened to Tom’s account of all the wonderful 
equipment, methods, processes, and products he had 
seen that morning. 

“How would you like to be the manager of 
factory like that, Tom?” asked the grandfather ; 

“Q-o-h! How would I!” Tom’s eyes bulged and 
shone. “Grandfather, your name would have to be 
Morgan for me to become the manager of a factory 
like that.” 

“Tom, the present manager got there by merit 
only. You can get a position like that when you 
qualify for it. In fact, you can even own a factory 
like that when you qualify to manage one.’ 

“How does one prepare himself to qualify for it?” 
asked Tom eagerly. 

“No two cases are exactly alike, but here is what 
I think would fit your case best. You will need both 








scientific and practical training for it—in college, 
and in industry — a co- operativ e training. Let us list 
the training you need.” 

He reached for the restaurant’s “Specials for To- 
day” sheet on the table and started writing on its 
back: 


“TRAINING FOR TOM IN MANUFACTURING ENGINEERING 
AND MANAGEMENT 
In Industry In College Elsewhere” 

In the “Industry” column he listed (each for a one- 
term period): Appre ntice Course — drafting, machine 
shop practice, tool design; Production Department; 
Wage Rate Studies; Cost Department; (for a two- 
term period), Manufacturing Methods and Plant 
Layout. 

How did Tom like these suggestions? 
derful,” said Tom. 

“Mr. X_ has agreed to give you rotating assign- 
ments like these,” said the grandfather. 

In the “College” column, the old man listed tenta- 
tively a few subjects at a time: physics, chemistry, 
thermodynamics, internal combustion engines. 

How did Tom like these subjects? “Just wonder- 
ful,” said Tom. 


“Just won- 
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The old man then added: hydraulics, machine de- 
sign, industrial controls and instrumentation. 

How about these? “Just wonderful,” said Tom. 

The old man added some more subjects: engi- 
neering metals, basic electricity, economics. 

What about these? “Just wonderful,” said Tom. 

The old man then added what he had been hold- 
ing back: analytic geometry and calculus. 

Tom did not say, “Just wonderful.” He said, “I 
was hoping we could leave out math, Grandfather. 
Does a manufacturing engineer need calculus?” 

“Tom,” said the old man, “you may not need skill 
in calculus, but you would miss a lot if you had no 
understanding of the principles of calculus. You hate 
a fascinating subject like mathematics because you 
have not been properly taught. This summer you 
and I are going to have fun reviewing together 
algebra, geometry, and trigonometry with a peek at 
calculus to give you an idea of its fascination. So 
don’t worry about mathematics. There are also a 
few so-called humanities or cultural subjects you 
should study in college, such as American govern- 
ment; history of the Western civilization; the impact 
of technology on society and the more powerful re- 
action of society to industry; the labor union move- 
ment; the forces that are breaking out as communism 
in some places, as nationalism elsewhere. Some peo- 
ple include also English literature in the humanities 
group. I think psychology, human nature, is one of 
the most cultural subjects. These matters bring us 
to the third column — ‘Elsewhere’ — the subjects that 
you should study perhaps in an evening school or 
with a tutor during your industry assignments. Let 
us make a tentative list of them.” 

Grandfather then jotted down for the “Elsewhere” 
column: psychology, public speaking, writing, Eng- 
lish literature, business law. 

“Public speaking and writing can be combined 
into one course advantageously by speaking and 
writing on the same subject. You find eight or 10 
classmates at the factory, and I'll find the teacher 
for you. Now let us talk about college. Where do 
you want to go?” 

“Grandfather, I should like to go to your Alma 
Mater; but they won't accept me on my school 
record.” 

“Well, perhaps not on your scholastic record, but 
I think they will on your total record and on what 
they consider as your potentialities. You have to sell 
yourself and your program, Tom, and you can do it. 
There is not any time to lose. Wire the dean for an 
appointment, and we. shall discuss your sales 
approach later.” 

Much encouraged with his grandfather’s confi- 
dence and help, Tom sent the following telegram: 


To Dean... 


WOULD APPRECIATE AN EARLY OPPORTU- 
NITY TO DISCUSS AN EDUCATIONAL PRO- 
GRAM WITH YOU. 

TO. « 


Later in the day, Tom was elated to receive a tele- 
graphic reply which read: 
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To Tom... 
COME IN THURSDAY MORNING AT 11:30. 


Dean... 


When Tom arrived at the reception room, there 
were others still in the Dean’s Office. As one student 
came out of the office, Tom caught a glimpse of a 
familiar grandfather clock with its hands pointing to 
12:00 o'clock, although his watch showed 11:30. See- 
ing Tom’s concern, the Dean’s secretary explained 
that the clock had not run for years, but was kept as 
a college heirloom. The college had made efforts to 
have the clock fixed. In fact, several experts had tried 
to fix it and had given it up. They had urged that the 
clock be sent back to the factory for repair. Unfortu- 
nately, however, the factory had gone out of exist- 
ence long ago. 

As the campus clock struck twelve, the visitors in 
the Dean’s Office left, and the secretary motioned 
Tom in for his interview. 

“I can give you no more than 10 minutes,” said the 
Dean, taking his watch from his E gpa 

“Dean . . ., if you do not min would prefer to 
wait until after lunch. I should like to fix that clock 
while you go to lunch,” said Tom. 

“You may not fool with that clock. It is an heir- 
loom. Two experts gave it up.” 

“But Dean . . ., I know every gear and pinion in 
that clock. I can fix it. I fixed a duplicate of this same 
clock which my grandfather had picked up as junk 
in a secondhand store, and now it runs perfectly. I 
know the penalty if I claim and fail to fix this clock. 
Please, believe me that I won’t hurt your clock. I can 
fix it.” 

The Dean yielded at length to Tom’s self-assur- 
ance and pleading. “I will return at half-past one,” he 
said and left. 

Working fast with a few simple tools, Tom got the 
clock running. Then he set the chimes right. He was 
checking the rate of the clock — holding his watch to 
his left ear with one hand, and operating a hand 
counter with the other hand — when he heard the 
door open at his back. The Dean stopped abruptly 
with a wide smile on his face as he saw the clock 
running with strong rhythmic beats and the youth- 
ful Tom absorbed in his careful rate check. 

When Tom arrived home, he found the family 
waiting breathlessly for news. 

“Everything worked out very well,” he announced 
with great exultation. “I had the best of luck. Grand- 
father, can you imagine the college having a clock 
just like yours, not running for years, given up by 
experts, just waiting to be fixed by me?” 

“I couldn’t imagine it, unless I had seen it with my 
own eyes,” said the old man. 

“Well, I could riot believe it myself if I had not 
seen it,” said Tom. Then as if a fog were lifting from 
his mind, Tom asked, “Grandfather, did you know 
of that clock?” 

“Every alumnus knows of it.” 

“Grandfather, did you buy yours so that I would 
learn from it and then some day be able to fix the col- 
lege clock?” 

(Continued on page 280) 
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Student Aid Center 


STABLISHMENT Of a new Student Aid Center at 
E the Institute has recently been announced by 

James R. Killian, Jr., 26, President. In making 
the announcement, Dr. Killian emphasized that the 
new office marks a significant step in the expanding 
program of student aid and student counseling. 

“For the first time,” he said, “all Institute resources 
devoted to scholarships, loans, and student employ- 
ment will be concentrated in a single office. In this 
way we shall be able to manage our expanding 
scholarship and financial aid programs more effec- 
tively and to provide a more inclusive counseling 
service for students in need of financial assistance.” 

Thomas P. Pitre, Dean of Freshmen, has been 
named director of the new Center. Dean Pitre has 
been at M.I.T. since 1920, when he was appointed 
instructor in chemistry, and has been associated 
with the office of the Dean of Students since 1930. He 
was named Dean of Freshmen in 1946, and since 1951 
has served as director of student aid and as chairman 
of the Faculty Committee on Student Aid. 

The counseling services formerly rendered by Mr. 
Pitre as Dean of Freshmen will now be performed by 
the Institute’s new Freshman Advisory Council. The 
Council, instituted by the M.I.T. Faculty at the start 
of the current year, is composed of members of the 
Faculty representing all de ents at M.LT. 

William A. Carlisle, Jr., ‘28, will serve the new 
Center as manager of student personnel, a pust which 
he has held since 1951. Richard W. Willard, ’51, has 
been named assistant to the director of the Student 
Aid Center. 


Nominated for Office 


nN accordance with the principles of a republican 
lien of government, Technology Alumni will be 
called upon to cast ballots, this spring, for the elec- 
tion of new officers of the Alumni Association of 
M.I.T., into whose hands the administration of the 
Association will pass for the year beginning July 1, 
1953. In ballots to go into the mails on March 25, 
Alumni will be called upon to elect a president and a 
vice-president of the Alumni Association; to select 
two members to serve on the Executive Committee; 
to choose three of their number to serve as members 
of the M.I.T. Corporation for five-year terms; and to 
appoint one Alumnus to complete the unexpired term 
of the late C. Adrian Sawyer, Jr., 02 on the M.LT. 
Corporation. 

Horatio L. Bond, ’23, XV, Chief Engineer, National 
Fire Protection Association, has been nominated to 
succeed Edwin D. Ryer, ’20, VI, to the presidency of 
the Alumni Association for one year. 

The National Nominating Committee — composed 
of Raymond H. Blanchard, °17, chairman, John L. 
Porter, 00, Saxton W. Fletcher, 18, Walter R. C. 
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Russert, ’18, Whitworth Ferguson, ‘22, Harold E. 
Koch, ’22, Holland H. Houston, ’24, George P. Ed- 
monds, ’26, Albert R. Pierce, Jr., 31, and George E. 
Colby, ’32 — has nominated Richard S. Morse, ’33, VI, 
as vice-president of the Association for a two-year 
term. Mr. Morse is president of the National Research 
Corporation and Vacuum Metals Corporation, Cam- 
bridge; a director of New Enterprises, Inc., and a 
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Horatio L. Bond, ’23, XV, Chief Engineer, National Fire Pro- 
tection Association, Boston, has been nominated to serve as 
president of the M.I.T. Alumni Association for the year be- 
ginning July 1, 1953. In alumni affairs, Mr. Bond was a vice- 
president of the Alumni Association, 1949-1951, and a former 
member of the Executive Committee. He is a member of the 
Alumni Fund Board, and of the Alumni Council, as well as 
secretary of the Class of 1923. 

Professionally, Mr. Bond is serving as consultant to the 
United States Atomic Energy Commission, and is a member 
of the Governor's Defense Council for the Commonwealth of 
Massachusetts, He is a member of the Society of Fire Protec- 
tion Engineers, and an honorary member of the ( British) Insti- 
tution of Fire Engineers. Books which Mr. Bond has written 
include: Municipal Fire Administration, published by the In- 
ternational City Managers’ Association, and A “First Book” on 
Fire Safety in the Atomic Age, published by the National Fire 
Protection Association. Mr. Bond is also director and vice- 

president of the Hyannis Port Club. 
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Pach Bros., N.Y. 


NOMINATED TO SERVE ON THE M.LT. 


<q James H. Doolittle, °24, XVI 
Vice-president and Director, Shell 
Oil Company, New York City 


Clarence D. Howe, °07, I > 
Minister of Trade and Commerce, 
and Minister of Defence Produc- 

tion, Canada 


<q Edwin D. Ryer, °20, VI 

Vice-president and Director, Bar- 

bour Stockwell Company, Cam- 
bridge 


R. C. Sprague, ’°23, XIII-A » 
President, Sprague Electric Com- 
pany; President, Associated In- 
dustries of Massachusetts (To fill 
unexpired term of the late C. Adri- 

an Sawyer, Jr., 02) 


CORPORATION 





National Film Board 





Fabian Bachrach 


trustee of the Museum of Science, Boston. He is a 
past member of the Visiting Committee on the De- 
partment of Physics. In alumni affairs, he is a mem- 
ber of the Alumni Fund Board, Class Representative 
on the Alumni Council, and a member of the Com- 
mittee on Nominations for Departmental Visiting 
Committees. 

Avery H. Stanton, ‘25, XV — Treasurer, Cummins 
Diesel of New England, Inc.—and Frederick B. 
Grant, 39, XV —trustee and investment adviser in 
Boston — have been named to the posts on the Ex- 
ecutive Committee for two-year terms. 

Nominated to serve for five-years as alumni term 
members of the M.I.T. Corporation are: the Right 
Honourable Clarence D. Howe, ’07, I, Minister of 
Trade and Commerce, and Minister of Defence Pro- 
duction of Canada; Edwin D. Ryer, ’20, VI, Vice- 
president and Director of Barbour Stockwell Com- 
pany, Cambridge, and this year’s President of the 
Alumni Association; James H. Doolittle, ’24, XVI, 
Vice-president and Director of Shell Oil Company, 
New York City. In addition, Robert C. Sprague, ’23, 
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Fabian Bachrach 


XIII-A, President of the Sprague Electric Company, 
North Adams, Mass., has been nominated to serve for 
the two remaining years of the unexpired term of the 
late Mr. Sawyer. 

With one to be elected from each district, new rep- 
resentatives on the National Nominating Committee 
are: District 8 — Atlanta — Roger W. Allen, ’27, VI; 
San Juan —C. S. Canals, ’26, I; Tampa — Laurence 
P. Geer, ’15, VII; Knoxville — Van Court M. Hare, Jr., 
23, IV; Jacksonville — George W. Simons, Jr., ’15, XI; 
Mexico — Augustin M. Valdes, ’25, I; Nashville — 
James M. White, ’28, XV; District 9— Duluth — 
Arthur C. Josephs, ’28, I; St. Louis — Robert J. Joyce, 
28, I; Minneapolis Kenneth B. Lucas, ‘32, X; 
District 10 — San Francisco — Richard L. Cheney, ’27, 
I; Los Angeles — William H. Mac Callum, ’24, XV; 
Portland, Ore. — Harold R. Seykota, 39, XV. 

In addition, the balloting procedure requires that 
classes whose numerals end in the figures four and 
nine elect Class Representatives on the Alumni Coun- 
cil for a five-year term. Starting with the Class of 1894 
and ending with 1949, representatives will be named. 
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Council Counsel 


pwin D. Ryer, ’20, President, opened the 293d 
E meeting of the Alumni Council, held at the Fac- 
ulty Club on Monday, January 26, 1953, at which 
137 members and guests were present. High lights of 
this meeting were the informal talks by: Karl T. 
Compton, Chairman of the M.I.T. Corporation, on 
legislation on subversive activities which are likely to 
affect educational institutions; Julius A. Stratton, 
23, Vice-president and Provost, on engineering edu- 
cation in Europe; Jay W. Forrester, 6-45, Director, 
Digital Computer Laboratory, on applications of 
high-speed computers; and the report of the National 
Nominating Committee for officers of the Alumni As- 
sociation for the coming vear. 

In the Secretary’s report, Donald P. Severance, ’38, 
announced changes in class affiliation for five 
Alumni, and reported that between December 1 and 
January 23, there had been visits to 21 M.I.T. Clubs 
—as far distant as Miami, Dallas, Monterrey, San 
Francisco, Portland, Ore., and Seattle — by 13 mem- 
bers of the Institute’s staff or of the Alumni Council. 
He also reported that the Executive Committee had 
endorsed the candidates, presented by an alumni 
club in the appropriate area, to serve as members 
of the National Nominating Committee, as enum- 
erated on page 266. For the National Nominating 
Committee, H. B. Richmond, ’14 (in the absence of 
Raymond H. Blanchard, ‘17, chairman), proposed a 
slate of candidates who are also further identified 
on page 266. 

As its chairman, Royal Barry Wills, 18, reported 
that speakers for the Midwinter Meeting would be: 
Dr. Compton; George R. Harrison, Dean of the 
School of Science; Professor Harold E. Edgerton, 
27, of the Department of Electrical Engineering; and 
Professor Edward R. Schwarz, ’21, Head of the 
Division of Textile Technology. 

As Director of the Alumni Fund, Henry B. Kane, 
24, reported that 7,560 Alumni had contributed 
$144,100 as of January 26, as compared to 5,500 
members who had contributed a total of $123,200 at 
the corresponding date a year ago. 

In bringing news of recent events at M.I.T. to the 
Council members, Dr. Compton directed attention to 
current legislation which is aimed at the investiga- 
tion of subversive activities in institutions of higher 
learning. In Massachusetts, for example, a bill had 
been introduced to revoke the charter of any college 
which employed Communists or Communist sym- 
pathizers on its staff. On a national scale, three Con- 
gressional committees, with Senators Jenner and 
McCarthy and Congressman Velde as chairmen, are 
almost certainly to be engaged in investigating sub- 
versive activities in educational institutions, govern- 
mental bodies, and in labor unions. Dr. Compton 
pointed out that ill-considered legislation or poorly 
managed investigations could result in unfair and 
undesirable publicity, as has been true in the past, 
but assured Council members that the M.I.T. Admin- 
istration would offer every possible co-operation in 
any inquiries of educational institutions. 

Last fall, Dr. Stratton spent several weeks visiting 
technical institutions of higher learning in Europe. 
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His talk before the Council summarized the results 
of this investigation of foreign educational practices, 
particularly in regard to engineering education in 
England. Colleges in England appear to be more 
selective in admitting students, and place greater 
responsibility on them than is usual in the United 
States. Echoing the politely veiled comments of Sir 
Richard W. Livingstone, who addressed the Council 
at its November meeting, Dr. Stratton also felt that 
secondary schools in the United States provide much 
less discipline and effective training than in Great 
Britain. Because the apprentice system is so thor- 
oughly entrenched in England, there is almost a 
total absence of graduate students in engineering, 
and little engineering research associated with engi- 
neering education. Some groups in England feel that 
American engineering training is superior to the 
British, and that efforts toward improving engineer- 
ing education — either by creation of a national insti- 
tute of technology, or by expansion of engineering 
activities in existing universities — would be desirable. 
On the other hand, there is also the feeling, in Eng- 
land, that American engineers do work which tech- 
nicians in England are expected to do. The difference 
in point of view in the two cases, apparently, ac- 
counts for the fact that few engineering graduates 
reach managerial positions in England, whereas a 
growing number of technically trained persons in the 
United States become executives. 

Until recently a tool of the research laboratory, the 
digital computer was described by Mr. Forrester as 
a mass-production tool for the processing of informa- 
tion. Such machines have been developed to solve 
an economic problem in computation where, in spite 
of the high cost of machines, the cost per computa- 
tion is relatively low. Mr. Forrester illustrated this 
point by stating that although the Whirlwind digital 
computer was developed at a cost of about one mil- 
lion dollars, it was able to process large amounts of 
data at about 1/10,000th of the cost of computations 
by purely manual methods. Speed of computation is 
another field in which digital computers offer vast 
advantages over manual operators. 

At present, three important fields of application 
are envisioned for digital computers: (1) computa- 
tion in science and engineering; (2) time controls 
for industrial operations, such as chemical processes, 
power-system control, or steel-mill operations; (3) 
commercial applications in such fields as accounting, 
bookkeeping, and insurance statistics. When all three 
fields are fully developed, the dollar value of these 
three fields will probably be in reverse of the order 
given here. 

Scientific and engineering use of digital computers 
is growing rapidly at present, and dozens of labora- 
tories have been organized to provide computation 
service for firms which cannot justify the full-time 
use of such machines. Although the field of business 
applications is potentially the largest, in dollar vol- 
ume, use of computers in this field will come slowly 
because few business concerns are now able to use 
such complex machines advantageously. Mr. For- 
rester concluded his talk by stating that between 
September, 1950, and September, 1951, a total of 
1,400 persons had visited the Whirlwind computer. 
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Chemistry Conclave 


page of the Institute’s Department of Chemis- 
try met with the Department's Visiting Com- 
mittee on April 7, 1952, to review progress and dis- 
cuss problems of that Department. Pierre F. Lave- 
dan, 20, presided as chairman of the Committee.* 

Faculty members who spoke on various phases of 
the work of the Department included: Arthur C. 
Cope, Head of the Department of Chemistry; Lei- 
cester F. Hamilton, 14, Executive Officer; Professor 
James A. Beattie, 17; David N. Hume and Clark C. 
Stephenson, Associate Professors of Chemistry; 
George H. Biichi and David P. Shoemaker, Assistant 
Professors of Chemistry. The Committee members 
had opportunity to meet other members of the 
Department's faculty. 

At the afternoon session, there was a discussion 
of the program for recruiting outstanding students 
as candidates for the doctorate and the work of the 
departmental committees in the selection of those 
who are best qualified for admission. This selection 
is based upon a thorough investigation of the many 
qualifications which are necessary for a successful 
research and business career, in which the heads of 
departments of other institutions, who encourage 
men to enter M.I.T., participate. The Committee 
also discussed the departmental placement program, 
the elective program, and the rigidity of the first- 
year program for all students; also the effect of any 
change in the first-year program on the Chemistry 
Department. The Committee also considered the 
program of financial aid to graduate students in the 
form of employment, scholarships, fellowships, and 
support from industry and government in the form 
of research contracts. The on gemsere of Chemistry 
has no research projects which are classified: all are 
intended to be educational and the research of a 
pure science nature. 

The retirement of several members of the Depart- 
ment will take effect during the next five years. The 
Committee discussed the problem of replacements, 
keeping in mind changes in emphasis in the various 
fields of chemistry and research. Dr. Cope called 
attention to the large number of distinguished chem- 
ists, among them many from other countries, who 
had participated in the Seminar Programs during 
the past year, and the intention of the Department 
to secure an outstanding chemist to serve as the first 
Arthur D. Little Guest Lecturer in the fall of 1952. 
The lecturer will deliver a series of 20 talks in his 
field of chemistry and this series will replace one of 
the regularly scheduled graduate courses. The Com- 
mittee expressed its opinion that a constant review 
of the subject matter of all courses and the intro- 
duction of such special lectures were preferable to 
an increase in the number of subjects offered in the 
Graduate School, particularly since the graduate 
program is largely for Ph.D. candidates whose term 
of residence is three or four years. 

There was a long discussion of the regulations 
governing the selection of the minor which is a re- 

* Members of this Committee for 1901-1952 were: Pierre F. 
Lavedan, ’20, chairman, James McGowan, Jr., 08, Robert E. 
Wilson, °16, John M. Gaines, ’26, John G. Kirkwood, ’29, 
Ralph A. Beebe, and Paul L. Salzberg. 
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oe for all candidates for the doctorate, and 
the Committee expressed the sentiment that these 
regulations should be made more flexible in view of 
the many new and important fields of chemistry. The 
minor requirements of many of the larger institutions 
were discussed and compared with those at M.L.T. 
The Committee expressed the opinion that the vari- 
ous fields of chemistry are today as widely separated 
from each other as the fields of some departments 
are separated from those of others; and some of the 
members felt that there might be some cases in which 
a major in organic chemistry might minor in physical 
chemistry or nuclear chemistry, without sacrificing 
the broadening influence of knowledge in a field 
removed from his major interest. 

It was interesting to note that the great majority 
of undergraduates in chemistry are accepted as 
graduate students at M.I.T. or elsewhere, and that, 
in general, they study for and complete their require- 
ments for the doctor’s degree in high standing, and 
that in recent years the percentage of those with the 
doctorate going into academic work, or continuing 
in postdoctoral research, has increased. 

The report of the Visiting Committee was pre- 
sented at the October 6, 1952, meeting of the Corpo- 
ration and the October 24 meeting of the Executive 
Committee, and was received on November 19 for 
publication in The Review. 


Midwinter Meeting 


HE annual Midwinter Meeting of Alumni of the 

Institute was held in Walker Memorial at 
6:00 p.m. on February 5. Karl T. Compton, Chair- 
man of the M.I.T. Corporation, was the keynote 
speaker. Edwin D. Ryer, ’20, Vice-president and 
Director of the Barbour Stockwell Company, Cam- 
bridge, presided in his capacity as president of the 
Alumni Association, and George R. Harrison, Dean 
of the School of Science, was master of ceremonies 
for two lecture-demonstrations which were given by 
members of the Institute’s Faculty. 

Professor Harold E. Edgerton, ‘27, of the Depart- 
ment of Electrical Engineering demonstrated the 
latest techniques and apparatus in electronic flash 
photography. Dr. Edgerton, the inventor of the 
stroboscopic speed light for photography, recently 
received the Franklin L. Burr award trom the Na- 
tional Geographic Society for his outstanding contri- 
butions in this field. 

Professor Edward R. Schwarz, ’21, Head of the 
Division of Textile Technology, illustrated the prop- 
erties of a number of new fibers and fabrics while 
entertaining the audience with legerdemain. Pro- 
fessor Schwarz, recognized as a world leader in the 
field of textile research, holds the Olney Medal of the 
American Association of Textile Chemists and Color- 
ists and the Harold DeWitt Smith Memorial Medal 
of the American Society for Testing Materials. 

Royal Barry Wills, ’18, noted New England archi- 
tect and author, served as chairman of the Mid- 
winter Meeting Committee for the program which 
was attended by more than 1,000 Alumni. Mr. Wills 
is a member of the Executive Committee of the 
M.I.T. Alumni Association. 

(Continued on page 272) 
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BUSINESS IN MOTION 





Te ane CMeagued oon ee oe wae 


During the past twenty years the stature of the pur- 
chasing agent has risen tremendously. This is due in 
part to the fact that top management has come to 
realize that buying is not just a “how much” prob- 
lem, but is a management function. Today the indus- 
trial buyer is generally recognized as a vital part of 
the company team, consisting of sales, engineering, 
production, and purchasing. He sits in on planning 
sessions. Sales, for example, wants a new model, or 
even a new product. Engineering discusses the design 
features that are wanted, and contributes its own 
imagination. Production makes close estimates as to 
costs of fabricating and assem- 
bling the various parts, says 
when it should be possible to 
begin shipment, and in what 
volume. Purchasing knows 
sources of supply, how reliable 
they are, how plentiful mate- 
rials are, and what they cost. 
The company buyer may report 
that one suggested material is 
in short supply, or another is a 
bit high in price, and may rec- 
ommend a few changes with the 
object of speeding production 
without affecting quality. All 
these matters are debated by the four groups, because 
the problems of all are intimately related. 

There is another reason for the high standing of 
today’s purchasing agent. It lies in his wide business 
background. Often he has had sales experience. In 
the more technical industries, such as the chemical, 
electrical, electronic and metal fabrication businesses, 
he is also quite likely to have an engineering back- 
ground. Thus he can talk on even terms not only with 
his own people, but with salesmen and engineers from 
suppliers. He looks upon the latter for information 
about their materials, and learns from them by study- 
ing with them the fabrication problems in his plant. 
He may even visit the factories from which he may 
buy, in order to obtain first-hand information, and 





to cement good relations with the people to whom he 
must look for close compliance with specifications. 
In doing so, he not only protects his own interests, 
and expands his knowledge, but creates and main- 
tains good will for his company. 

The salesman for a supplier naturally makes the 
purchasing department his first objective. That has 
always been true of Revere salesmen, and still is. 
These comments of ours about the modern purchas- 
ing man derive from our experience with him. We 
find him eager to learn all he can. When he asks 
for a bid on hundreds of thousands of pounds of, 
say brass rod or strip, he will 
quite likely tell what the metal 
is to be used for and how it 
will be fabricated. If there is 
a question in his mind or that of 
the Revere salesmen, interviews 
with engineering and production 
are arranged. This often results 
in surprising economies. In one 
instance, the buyer produced a 
blueprint and asked if the part 
could not be made more eco- 
nomically from an extruded 
shape, to reduce machining and 
scrap. It could, and now is, at a 
substantial saving. In another case, the purchasing 
agent said he felt he had to stock too many different 
sizes and gauges, many of them differing only slightly. 
The Revere Technical Advisory Service studied the 
matter, and made recommendations for standardiza- 
tion that cut the inventory by about 30%. 

It is perfectly clear to us that today’s purchasing 
contributes greatly to product improvement, cost 
reduction, and mass production. Thereby it favorably 
affects the national economy, and helps raise the 
standard of living and of employment. 

In its long history Revere has witnessed the indus- 
trial revolution, indeed has helped bring it about. 
We salute the purchasing agents of the United States 
for the vital part they have played. 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 

SEE REVERE’S ‘““MEET THE PRESS’’ ON NBC TELEVISION, SUNDAYS 





MARCH, 145% 
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A QUESTION FOR ALL ENGINEERS: 


Will your achievements be recog- 
nized? Will you be associated with 
distinguished scientists and engi- 
neers? Will your work provide a 
challenge for your talent and ability? 
Will your position and income be 
founded upon your real merit? 


At RCA, you'll find plenty of 
“future insurance”... and right now 
is the time to investigate RCA 
opportunities. Because RCA is now 
looking for experienced ELECTRONIC, 
CoMPUTER, ELECTRICAL, MECHANI- 
CAL, and COMMUNICATIONS ENGI- 
NEERS . . . PHYSICISTS . . . METAL- 
LURGISTs . . . PHYSICAL CHEMISTS 
... CERAMISTs ... GLASS TECHNOL- 
ocists. Whichever your specialty, 
there’s a chance of a lifetime for a 


career with RCA—world leader in 
electronic development, first in radio, 
first in recorded music, first in tele- 
vision. RCA growth has remained 
steady through war and depression 
... you'll find positions open today 
in many commercial projects, as 
well as military lines. 


WHY RCA IS A GOOD PLACE 
FOR YOU TO WORK 


Facilities for creative engineering are top- 
notch. Working conditions and associates 
stimulate you. Periodic merit reviews help 
ou_advance in grade and income. Your 
amily can enjoy pleasant country or sub- 
urban living. RCA onan growth of 
your professional status and recognition. 
Company-paid benefits—including life, ac- 
cident and hospitalization insurance—in- 
crease P pay feeling of security. You look 
forward to retirement through a progressive 
program. RCA has a modern tuition refund 
plan for advanced study at recognized 
universities. 


Personal interviews arranged in your city. 
Please send a complete resume of your education and experience to: 


MR. ROBERT E. McQUISTON, Manager, Specialized Empleyment Division 
Dept. 206-C, Radio Corporation of America, 30 Rockefeller Plaza, New York 20, N.Y. 


Where will you be 
~ » years from now? 


Positions Open In 


RESEARCH—DEVELOPMENT— 
DESIGN— APPLICATION 


in any of the following fields: 


RADAR— Circuitry— Antenna Design—Servo Sys- 
tems—Information Display Systems—Gear 
Trains—Stable Elements—Intricate Mechanisms 

COMPUTERS— Digital and Analog—Systems Plan- 
ning — Storage Technique — Circuitry — Servo 
Mechanisms—Assembly Design—High Speed 
Intricate Mechanisms 

COMMUNICATIONS — Microwave Aviation — 
Mobile—Specialized Military Systems 

MISSILE GUIDANCE—Systems Planning and Design 
— Radar and Fire Control—Servo Mechanisnis 

Vibration and Shock Problems 

NAVIGATIONAL AIDS— Loran — Shoran — Altim- 
eters— Airborne Radar 

TELEVISION DEVELOPMENT— Receivers—Trans- 
mitters and Studio Equipment 

COMPONENT PARTS— Transformer—Coil— Relay 
—Capacitor—Switch— Motor— Resistor 

ELECTRONIC TUBE DEVELOPMENT— Receiving 
Transmitting —Cathode-Ray—Phototubes and 
Magnetrons 

ELECTRONIC EQUIPMENT FIELD ENGINEERS — 
Specialists for domestic and overseas assign- 
ment on military electronic communications 
and detection gear. 


RADIO CORPORATION of AMERICA 
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Many of the distinguished high 
quality products identified by these 
famous trade-marks are efficiently 
and economically produced with... 








‘THER-MONIC 


ELECTRONIC 
HEATING 
EQUIPMENT 





You, too, can enjoy the same qual- 
ity and satisfaction by entrusting 
your foundry core baking and heat 
treating problems to the largest 
producers of electronic heating 
equipment! 


INDUCTION HEATING CORPORATION 
181 WYTHE AVENUE . BROOKLYN 11, N. Y. 
Induction, Dielectric and Foundry Core Baking Equipment. 


western Electric 
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Edward S. Goodridge, ’33 






















































































y Type 
ir Cooled Transformers 
(to 1000 KVA) 


Constant Current 
ulators (static Type) 


Many nationally known labora- 
tories and manufacturing plants use Hevi Duty 
Electric Heat Treating Furnaces where maxi- 
mum performance is desired. 


Hevi Duty specialty transformers are used 
extensively in the electrical control of indus- 
trial machinery and plant power distribution. 


Airport and street lighting have been made 
safer and maintenance costs have been re- 
duced through the use of Hevi Duty static type 
Constant Current Regulators. 


Write for descriptive bulletins 








HEVIEDUTY. 
HEAT TREATING FURNACES e ELECTRIC EXCLUSIVELY 
\ DRY TYPE TRANSFORMERS—CONSTANT CURRENT REGULATORS 
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Fellowships for Industrial Studies 


ee School of Industrial Management at the Insti- 
tute opened its competition, in January, for the 
fellowships which will be available for graduate 
students in the School in 1953-1954. Recent college 
graduates whose major studies have been in science, 
engineering, or engineering administration and who 
desire advanced work in industrial management are 
invited to apply, according to E. P. Brooks, ’17, Dean 
of the School. Fellowships will include full tuition 
and may carry additional cash stipends of up to 
$2,100 for married men and $1,400 for single men. 

The program of fellowships in this field at M.LT. 
is made possible by the foundation of the School of 
Industrial Management, established under a grant 
made in 1951 by the Alfred P. Sloan Foundation, 
Inc. The School, housed in its own building at 50 
Memorial Drive, Cambridge, now sponsors under- 
graduate and graduate studies in industrial manage- 
ment and the Executive Development Program for 
those already holding responsible positions in 
industry. 

The graduate program in the Institute’s new 
School of Industrial Management, leading to the 
degree of master of science in Industrial Manage- 
ment, normally requires two years for those who 
have had no previous work in this field, according 
to Dean Brooks. 

The first year of the two-year program is devoted 
to basic subject matter in four areas: (1) the history 
and the economic and legal foundations of business 
activity; (2) the interrelationships of individuals and 
groups in industry; (3) the production, distribution, 
and financial structure of the economy; and (4) the 
operational tools of management. 

The second-year curriculum is in large part 
worked out individually by consultation between the 
student and members of the faculty. A typical pro- 
gram will include advanced work in production 
management, marketing management, financial man- 
agement, and industrial relations; and seminars in ad- 
ministrative policy and in public economic policy. 

Fellowship recipients, selected by the Graduate 
Committee of the School of Industrial Management, 
will be those applicants who appear to have the 
greatest potentialities for future leadership in busi- 
ness. This decision, according to Dean Brooks, will 
be based upon such factors as outstanding scholastic 
performance, demonstrated initiative and leadership 
ability, evidence of high moral and ethical stand- 
ards, favorable persdnality traits, and — within cer- 
tain limits — successful working experience. 

Applications should be filed by March 1, 1953, or 
as soon thereafter as possible. Further information 
and application blanks may be obtained from 
Thomas M. Hill, Associate Professor of Accounting, 
School of Industrial Management, M.I.T., Cam- 
bridge 39, Mass. 

(Continued on page 274) 
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ls part of your future being built here? 


Here you see the beginning of another addition 
to Alcoa’s expanding facilities. This plant, at 
Rockdale, Texas, will be the first in the world 
to use power generated from lignite fuel and 
will produce 170 million pounds of aluminum a 
year. This and other new plants bring Alcoa’s 


production capacity to a billion pounds of 
aluminum a year, four times as much as we 
produced in 1939. And still the demand for 
aluminum products continues to grow. Con- 
sider the opportunities for you if you choose 
to grow with us. 





What can this mean as a career for you? 


This is a production chart —shows the millions 
of pounds of aluminum produced by Alcoa 
each year between 1935 and 1951. Good men 


MILLIONS 
or 
POUNDS 1935 1940 1945 1950 


3 


$28828 § 


“Does not include, production in government owned plonts beilt 
and eperoted by Alcoo during World War 2. 


as 
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did good work to create this record. 
You can work with these same men, 
learn from them and qualify yourself 
for continually developing oppor- 
tunities. And that production curve 
is still rising, we’re still expanding, 
and opportunities for young men 
joining us now are almost limitless. 

Ever-expanding Alcoa needs engi- 
neers, metallurgists, and technically 
minded “laymen” for production, 


Aicoa 


research and sales positions. If you 
have recently graduated, if you want 
to be with a dynamic company 
that’s “going places,” get in touch 
with us. Benefits are many; stability 
is a matter of proud record; oppor- 
tunities are unlimited. 

For more facts and application 
forms write to Personnel Dept., 
ALUMINUM COMPANY OF AMERICA, 
1825 Alcoa Bldg., Pittsburgh 19, Pa. 








Alumin 





ALUMINUM COMPANY OF AMERICA 
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ting, textile research, city and regional planning 

science teachers program, electrical methods of jp. 

THE INSTITUTE GAZETTE strumental analysis, optical me thods of instrumental] 

(Continane seca page aia analysis, technique of infrared spectroscopy, appli- 

—— cations of infrared spectroscopy, digital computers 

and their applications, feedback control systems, and 
food technology. 


Senn Program Expands 


HE largest gro ecial su r programs in , , , 
argest group of special summer programs Last summer eight professional conferences and 29 
the history of M.I.T. will be given at the Institute acre ty: ; i we 
special summer programs brought more than 3,150 
this coming summer, according to Ernest H. Hunt- . i ee 
00. Direct f the § Sessi Th men and women to the M.I.T. campus in addition to 
ress, °20, rec »ssion. 2 , 
ee st i ; = spo’ = " won the regular enrollment of undergraduate and grad. 
Clk ograms, designed for professional person- . -" ae 
ey f pr a : esigned 10f ” a an I eid uate students. Some 400 different organizations 
I on stry, gove ont, ducationa ; ' <p oo 
cae oy ss lb  stabegenagee Pe HB “ including 263 industrial companies and 52 govem. 
i utions, w i rademic : orn 
— : ee 2 oS ao ment agencies, were represented in the special 


subjects from the Institute’s regular courses and in 
addition to several technical conferences which have 
been planned in a number of fields. 

Half of the 28 programs just announced are to be 


programs alone. 


Cambridge to Princeton 


given for the first time as special professional pro- pe geese Kart W. Deutscu, of the Department 
grams at the Institute. They include: strength of of English | and History at M.I.T., has been 
materials, strain gauge techniques, thermodynamics, granted a year's leave of absence from the Institute 
product design, fluid power control, casting light — ebective February 1—to accept appointment as 
metals, physical metallurgy, transistors and their research associate with the rank of visiting professor 
applications, noise reduction, management responsi- at Princeton University. 
bility for occupational health, operations research, At Princeton, Dr. Deutsch (who is professor of 
control problems of the executive, automatic control history and political science) will work at the Uni- 
of aircraft, and mathematical problems of communi- versitys Center for Research on World Political 
cation theory. Institutions, where he has served as consultant since 
Because they are in great demand, other programs early 1952. His work at the Center will focus on a 
have been carried over from previous summers. They series of case studies in political integration, nation- 
include: industrial photoelasticity, aerodynamic alisin, and federal union. 
measurements, lubrication engineering, metal cut- (Continued on page 276) 
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Radar bombing systems for the Nation’s planes Automatic firing controls for anti-aircraft guns 





For Sahety ae Seounity ™ Dekense The Bell Telephone Laboratories, 


the Bell System’s research organization, and the Western Electric Company, its 
manufacturing unit, have been called upon to handle more than a hundred projects for 
the U. S. Department of Defense. (Four are shown above.) The projects cover 

research, development, engineering and manufacture, including the very important Sandia, 
New Mexico, project for the Atomic Energy Commission. Today, as always, 


the unique skills, experience and teamwork of Bell System people are at the service of the Nation. 


BELL TELEPHONE SYSTEM... Local fo serve the community. Nationwide to serve the Nation. 











= Youcan 
yA 


of operating costs 


~ 


..through efficient 
materials 


handling methods 


Spacemaster Mode 
Electric Fork Truck 


—=— 


The most modern piece of production equip- 
ment can save only 3% to 5% of over-all oper- 
ating costs, yet a simple effective materials 
handling system will many times “chop” oper- 
ating costs by 25%. These savings, however, 
can be sustained only when the equipment 
employed is of the highest quality. That’s why 
engineers in every field of industry recommend 
Lewis-Shepard Products — the most complete 
line of dependable materials handling trucks. 
Learn to specify Lewis-Shepard wherever 
possible . .. and you'll always be sure to get 
the savings you expect. Write for “Proof 
Booklet” and catalogs. 








Spacemaster Model M 
Electric Fork Truck 


é product? 
ks 
chs 


crones 


itet ks s 
set ne piatfor’, 
— sro 99* ® 
> 


Nationwide Service — See ‘Trucks, Industrial’ 
in your Yellow Phone Book 


ee ee 8 8 8D el 
LEWIS-SHEPARD Products, Inc. 


844 Walnut St., Watertown 72, Mass. 
Please send me your ‘Proof Booklet’’ and Catalogs. 


The" MBGTER” Line 








(Continued from page 274) 
Physics Contributions ; 
VIDENCE of the substantial contributions whig} 
the M.I.T. Faculty and staff give to the develop 
ment of physics was apparent at the 1953 annugl 
meeting of the American Physical Society, held af 
Harvard University from January 22 to 24. J 

Julius A. Stratton, ‘23, Vice-president and Provogh 
of the Institute, was the after-dinner speaker at the 
banquet, during which William Shockley, ’36, wag 
awarded the Oliver E. Buckley Solid State Physigg} 
Prize. This award is presented to the individual whe 
has “been adjudged to have made a most important) 
contribution to the advancement of knowledge ig) 
Solid State Physics within the five years immedi 
ately preceding the award.” In addition, Professor 
Francis Bitter, of the Department of Physics, was 
one of 17 speakers who presented invited papers, 
Professor Bitter’s paper was entitled “Magneto- 
Resonance and Magnetic Optics.” 

But of greatest significance, however, is the sub 
stantial support to current physics research which 
stems from Technology laboratories. Of the 327% 
technical papers on the program, 32 or virtually 10 
per cent, were delivered by M.I.T. members. The 
titles and members are as follows: 

“Microwave Determination of Electrical Properties of Gere 
manium” by James M. Goldey and Sanborn C. Brown, 10-44, 

“Zeeman Effect in Rotational Spectra of Asymmetric-Rotorg 
Molecules” by Bernard F. Burke, 50, and Malcolm W. P. 
Strandberg, ’48. 

“Proton-Proton Scattering in the Interference Minimum Re- 
gion” by Daniel I. Cooper, 2-46, David H. Frisch, ’47, and 
Robert L. Zimmerman, 52. 

“Total Neutron Scattering Cross Sections of Polyethylene 
and Carbon at 1.32 Mev” by Charles L. Storrs, Jr., ’49, and 
David H. Frisch, ’47. 

“Neutron-Deuteron and Proton-Deuteron Scattering in the 
S-wave Region” by Robert L. Zimmerman, ’52, Daniel L 
Cooper, 2-46, and David H. Frisch, ’47. 

“Inelastic Scattering of Protons and Deuterons from B® 
by Charles K. Bockelman, Cornelius P. Browne, Anthony Sper- 
duto, ’42, and William W. Buechner, ’35. 

“Inelastic Scattering of Protons and Deuterons from N™* and 
Li®” by Cornelius P. Browne, Charles K. Bockelman, William 
W. Buechner, ’35, and Anthony Sperduto, ’42. 

“Photoproduction of Positive a-Mesons, on Hydrogen” by 
G. Sargent Janes and William L. Kraushaar. 

“The Analysis of Photomeson Production Data” by Bernard 
T. Feld. : 

“The Scattering of Fast Nitrogen Molecules by Nitrogen” by 
Isadore Amdur and William T. Lindsay, Jr. 

“Low Frequency Oscillator, Circular Sweep Generator, and 
Direct Reading Phase Measuring Instrument” by Sidney Lees, 
48, William D. Green, ’43, and E. T. Colton. 

“Accelerators Incorporating Alternating-Gradient Focusing” 
by J. P. Blewett. 

“Photomeson Production from Hydrogen” by Louis S. Os- 
borne, *50. . 

“Photoproduction of Neutral Mesons in Hydrogen” by Yves 
Goldschmidt-Clermont, °52, Louis S. Osborne, 50, and Mer- 
ril] B. Scott. 

“Magneto-Resonance and Magnetic Optics” by Francis Bit- 
ter. 
“East-West Asymmetry for Positive and Negative Mesons 
Near the Equator” by Frank B. Harris, Jr., "49, Bruno Rossi, 
and I. Escobar Vallejo, 


(Concluded on page 278) 
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GODFREY L. CABOT, INC. 


77 FRANKLIN ST 


growth mm..and still expanding 


BOSTON 10 


MASS 





It's been Cabot for Carbon Blacks since 1882. 
Today, Godfrey L. Cabot, Inc. and its subsidiary 
companies produce not only the world’s finest 
quality carbon blacks, but the widest range of 
grades available to industry. The world looks to 
Cabot also for quality plasticizers, pine tar prod- 
ucts, coke, wollastonite, clay, natural gas and gas- 
oline, oil pumping equipment, and yes, even gun 
tubes. 

The Cabot Companies have producing opera- 
tions which extend all the way from Utah, Colo- 
rado, New Mexico, Texas, Oklahoma, Louisiana, 
Florida, West Virginia, Pennsylvania, New York, to 
Ontario, Canada, and as far as Liverpool, England. 
Cabot Research and Development facilities are 
extensive, modernly equipped and expertly staffed. 
Cabot products are sold to thirty-six different 
foreign countries on all six continents. Cabot has 
either sales offices or sales representatives in every 
principal city of the world ... ready and willing 


fo serve you. 


__ i _ 
CABOT 
a 


———————————— lll 
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(Concluded pom page 276) q 
; ae : “asin ric Effects on Cosmic-Ray Sinise at Sea L evel™ 
FI L | C HER ‘anite by Stanislaw Olbert, ’51. 
“Experiments on Air Showers, Part I” by Robert W. Wik 

liams, °48, and Wayne E. Hazen, 36. 


“Experiments on Air Showers, Part IT” W. — E. Hazen, 
‘36, C. A. Randall, Jr., and Robert W. W A foagy 
“Total Neutron Cross Sections of Chlorine et Cashel by # 


Robert M. Kiehn, ’50, Clark Goodman, ’40, and K. F. Hansen, 
“Photoemission from Silver into AgCl, KBr, NaCl, and New 
Bands of Photosensitivity in AgCl” by Mathias A. Gilleo, ’48, 
standa ized curl 


“Photocurrent, Space Charge Build-Up, and Field Emission 
in Alkali Halide Crystals” by Arthur von Hippel, Eugene P, 
Gross, J. G. Jelatis, and Myer Geller. 

“The S-Wave Two-Body Interaction in Nuclei” by David H, 
Frisch, ’47. 

“Echelle Spectroscopy” by George R. Harrison. 

“The Strong Focusing Synchrotron” by M. Stanley Living- 
ston. 

“Scintillation Counter Measurements of the Absorption of 
the N-Component” by George W. Clark, ’52. 

“Experimental Results on Neutral V Particles” by Charles 
Peyrou, Richard Safford, and Herbert S. Bridge, ’50. : 

“Cloud-Chamber Observations on the Unstable Heavy 
Charged Particles in Cosmic Rays” by Richard Safford, Charles 
Peyrou, Herbert S. Bridge, ’50, and Bruno Rossi. 

“Proton-Gamma Angular Correlations in the C1? (p,p’y) Re- 


action” by Harry E. Gove, ’50. : 
“A Liquid Argon Ionization Chamber Measurement of the 
Shape of the Beta-Ray Spectrum of K4®” by John H. Mar- 
‘ shall, ’52. 
ane) <4 ra sh lar “Electrical Conductivity of Magnetite at Low Temperatures” 


by Bertram A. Calhoun. 

“Stability of the Boundary Layer at Supersonic Speeds” by 
Chia-Chiao Lin. 

“High Energy Photoproton Production” by Albert Watten- 
berg, Bernard T. Feld, and Rajaram D. Godbole, *52 

“Angular Distributions of (d,p) Reactions” by Clayton F, 
Black. 

“Fission of Uranium with 16-Mev X-Rays” by Harold G, 
Richter, ’50, and Charles D. Coryell. 


Mmensron mM 


porns Cabot Aids Egyptian Industry 
we D. Casor, a life member of the M.I.T. 


Corporation and formerly Director for Interna- 
tional Security Affairs for the Department of State, 
has been asked to leave te mporarily his duties as 
executive vice-president and vice-chairman of the 

bou nd | pos P Board of Godfrey L. Cabot, Inc., “to advise and 
" assist the Government of Egypt in developing the 
country’s industries under a Point 4 program.” He 
will serve as an industrial consultant to the Techni- 
cal Cooperation Administration of the Department 

of State in his new post. 





(M17 3 neers 


GEORGE W. McCREERY CO. 
H. E. FLETCHER COM PANY 


WEST CHELMSFORD, MASSACHUSETTS 
@ LOWELL 7588 
104 EAST 40TH STREET, NEW YORK 16, N. Y. 


Building Construction 


126 NEWBURY STREET BOSTON, MASS. 
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Instruments Se 


that complement the high quality 


of fine electronic equipment 


Available in all the types, sizes, and ranges for all 
electronic and electrical built-in requirements. . . 
including approved ruggedized panel instruments. 
Complete literature on request . . . WESTON 
Electrical Instrument Corporation, 614 Frelinghuysen 


Avenue, Newark 5, New Jersey. 
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FINER APPARATUS FOR 
SPECTROCHEMISTRY 





33 UNIVERSITY ROAD 
CAMBRIDGE 38, MASS. 














These Choppers convert low level DC 
into pulsating DC or AC, so that servo- 
mechanism error voltages and the out- 
put of thermocouples and strain gauges 
may be amplified by means of an AC 
rather than a DC amplifier. They are 
hermetically sealed, precision vibrators 
having special features which contrib- 
ute to long life and low noise level. 















WRITE FOR CATALOGS .. 
#2468, 60 cycles, AC 
#280, 400 cycles, AC 










THE EDUCATION OF 


TOM, DICK, AND HARRY 
(Continued from page 264) 


“Tom, will you continue with your story? We want 
to hear the rest of it.” 

“Well, the Dean said I could leave my bill, and it 
will be paid at the end of the month if the clock js 
still running then. I told Dean . . . I was more in. 
terested in being admitted to college than anything 
else. Dean . . . told me: ' @ 

“You are a little late for matriculation. Our regis- 
tration is supposed to be closed, unless any cancel- 
lations are received. What is the educational program 
you wanted to discuss with me?’ ” 

“Then I outlined to him the program that Grand- 
father, Mr. X, and I had evolved for a co-operative 
course. He said it looked interesting, although it 
would not fit the college co-operative schedule very 
well.” ; 

“Tom,” asked the mother impatiently, “are you ac- 
cepted, or aren’t you?” 

“I am accepted this way,” said Tom. “If I cannot 
become a regular freshman, I will become a special 
student until such time as I can become a regular 
student. The Committee on Admissions determines 
the freshmen, but the Dean himself can accept a spe- 
cial student. So I can start college this fall. Do you 
think I did pretty well?” 

“I am proud of you, Tom,” said his father, break- 
ing his silence. The mother wi her eyes. The 
grandfather was apparently lost in thought, with his 
eyes shut. 


Dick 

Dick’s story is quite short. He was brilliant in his 
classes at high school, was accepted by several col- 
leges, and entered the institution where Tom had 
been accepted. There he convinced his teachers that 
he could carry a heavier schedule than others, and so 
he took extra courses in electrical, chemical, and 
mechanical engineering. He said he liked them all 
equally well. Dick entered college two years later 
than Tom, but as he did not take industry assign- 
ments, finished the same year as Tom. They belonged 
to the same fraternity, and the two students devel- 
oped a great deal of respect and affection for each 
other. On graduation with a master’s degree, Dick 
was qualified to enter a research or development lab- 
oratory in any field. 5 


Harry 


Harry came to Tom’s school with a background of 
two years of law, in the study of which he had won 
high praise for his intelligence. He was from a pros- 
perous family in the South, and soon won the nick- 
name of “Colonel” from his colleagues. His ambition 
was to become the president of a large manufactur- 
ing concern, and realized that in order to fulfill this 
aim, he would need a thorough understanding of en- 
gineering. Instead of enrolling in high-sounding but 
easy courses for rich men’s sons, he enrolled in the 


(Continued on page 282) 
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DID YOU KNOW? 


1... that you can Clean Condenser Tube eo 


without Downtime or Loss of Pressures 
C. H. Wheeler Reverse Flow Condensers are “Self-Cleaning”. Electrically, hydraulically or 
manually operated sluice gates within the condenser reverse the flow of water in the 
tubes to flush debris and marine growth away from tube sheets. 


2 -.. that there are Vacuum Pumps with No Moving 


Parts ... and often requiring No Extra Power & 
C. H. Wheeler Tubejets convert waste steam into useful vacuum for pumping, refrigera- 


tion, etc. 
3 » « » that a Cooling Tower can be Built to Blend with a 7 


Building—or to Stand Alone against Hurricane Winds = 
C. H. Wheeler Water Cooling Towers may be sheathed with any building material to 
harmonize with an architectural plan. Sturdy construction is guaranteed for performance 
and durability. 


4... that Material will Grind Itself into Particles 100 


Times Finer than the Human Eye Can See #8 
C. H. Wheeler Fluid Energy Reduction Mills reduce materials to sub-micron particle sizes. 
Material is conveyed by air, steam or any gas or vapor in a closed circuit at supersonic 
— causing particles to reduce themselves by repeated shattering contact with one 
another. 





Bulletins mailed on request. 


C. H. WHEELER 


C. H. WHEELER MANUFACTURING CO., 19th & LEHIGH, PHILADELPHIA 32, PENNA. 


























1952 PUMP ENGINEERING HANDBOOK 


The Research Has Been Done For You 
“PUMP ENGINEERING DATA”’ has been compiled for professional and student 


engineers who want their information in one 
volume. Designed for ease for use, with tables, 
diagrams, and charts. 


«++ was assembled by experts to 
provide the most pertinent and 
up-to-date material for pump 
engineering. Substantially 
bound in maroon and gold—con- 
tains over 400 pages. 


* + * covers pumping problems encountered in build- 
ings, waterworks, sewage treatment plants, oil refineries, 
mines and quarries, irrigation, power plants, food and 
chemical plants, paper mills, and in many other applications, 


Send today for your copy of 


“PUMP ENGINEERING DATA” $3.00 


‘WHEELER-ECONOMY PUMPS 


ECONOMY PUMPS, INC « Division of C. H. Wheeler Mfg. Co. 


Sedgley at 19th and Lehigh «+ Philadelphia 32, Penna. 
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ts The Dosicom Micronyn is on electro-magnetic tour pol, 
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; unit providing rugged construction, 
eee Suvereat Chanda end ctok amie tieadaics coe oneh 
_-- @eeuracy performance in the following applications: 







Position — of angular sapteereent with high 
signal-to-noise ratio. 


my _ operates as torsional spring with 
Stiffness Motor Zon a - 


Torque Generator wxeplliin and todasamanes of shetr 
Rae ee rotation. 

— offers an inductance that varies 
' : linearly with shaft rotation. 

The Doeicam Microsyn can be designed for specia! 
applications in a wide variety of sizes. Units are 
eenar '9 incwuinnat henstagy or be Toler aod 
_ stator combinations to provide for in- 
_ dividual mounting. 

For more details, write to- 


* 


CORPORATION 
56 Elmwood Street, Newton 58, Mass. 
Gyroscopic Flight Test and Control Instrumentation 


Position Indicator 
Type 1C-O01A 


WALTHAM 


Wy, 
oN Ate 


Research and development opportunities abound 
in the great and growing fields of 


RADAR KLYSTRONS 
ELECTRON TUBES TRANSISTORS 
CATHODE RAY TUBES SERVOMECHANISMS 
COMMUNICATIONS COMPUTERS 

GUIDED MISSILES ULTRASONICS 
MAGNETRONS UNDERWATER SOUND 





PRODUCTION, 
QUALITY CONTROL, DESIGN, AND AUTOMATION 





BOOKLET — picturing and describing the many and varied Raytheon 
career opportunities may be picked up at the M.I.T. Placement Othce, 
Room 1-173, or will be mailed on request. 


RAYTHEON MANUFACTURING COMPANY 


WALTHAM 54, MASSACHUSETTS 
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THE EDUCATION OF 
TOM, DICK, AND HARRY 


(Continued from page 280) 
co-operative option in the electrical department, be- 
cause he wanted contact with manufacturing and a 
good concern while still in college. He did not try to 
evade any of the required courses; and as he also had 
the scholastic ability to carry more than the standard 
number of courses, he took additional business and 
management courses. At his second industry assign- 
ment, he asked to be placed in the sales department 
so that he would have opportunity to do some market 
study for his employer. His report contained so much 
useful information that the sales manager used it in 
an address to his trade association. When Harry grad- 
uates, a good job awaits him in an enviable concern. 


Tom, Dick, and Harry 


On last reports, Tom, Dick, and Harry were jointly 
engaged on a project for a master’s thesis entitled 
“The Rehabilitation of the Textile Industry in New 
England.” The trade association and the . . . National 
Bank have agreed to co-operate with them and to pro- 
vide any data that the trio may need in their investi- 
gations. A number of industrial equipment manufac- 
turers have offered free consultations with their en- 
gineering staffs. Tom is planning a more efficient fac- 
tory. Dick is looking into the simplification of the 
processes and the introduction of new lines, including 
the synthetic fibers. Harry is studying the marke ts, 
costs, and employee morale. He has had some ve ry 
friendly meetings with the leaders of the weavers’ 
union and has enlisted their support, assuring them 
that the trio will plan on a pay differential for the 
New Englanders based on greater efficiency in better 
equipped factories. 

This trio, or any other for that matter, may not be 
able to bring the New England textile industry back 
to its former industrial importance, but the stories 
of these three entirely different students emphasize 
the fact that sound training for professional life may 
be achieved in more ways than one. Their stories may 
also serve to encourage the trend that can be de- 
tected, in some schools, toward a more purposeful 
and effective approach to engineering education. 
Such an approach offers good opportunity to combine 
class work with activity in industry, and enables 
students to apply theory by “learning by doing.” In 

(Continued on page 284) 
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7 
Symbol of Power Progress in the East 


Two hundred miles west of Calcutta lies India’s Damodar Valley—a land 
of immense mineral wealth and of vast agricultural potential. But, plagued 
by floods, erosion and a shortage of power, this area’s possibilities have 
yet to be fully realized. 

Great corrective strides are now under way. The Damodar Valley project 
—nine dams for hydroelectric power, irrigation, flood and erosion control 

.and the Bokaro Steam Power Plant—these will, upon completion, 
mean the most significant advance in history in this section’s ability to 
produce mineral, agricultural and manufactured products. 

The Bokaro Plant is owned and operated by the Damodar Valley Corp. 
It was designed and constructed by an American engineering firm, The 
Kuljian Corporation of Philadelphia. 

Each of Bokaro’s four 60,000-kw turbine-generators will be powered by 
two boilers designed and built by Combustion Engineering-Superheater, 
Inc. When completed, the 240,000-kw Bokaro Station will be the largest 
steam power plant in Asia... and a major part of its capacity will be 
available by the end of this year. 

Bokaro, like many other post-war C-E installations in the Middle East, 
Europe and Latin America, is a symbol not only of power progress but 
also of the free world’s steadily improving economy. The recovery and 
expansion of which these installations form so vital a part write a proud 
chapter in Combustion’s recent history. 

At home, too, the Combustion nameplate means all that’s latest and 
best in boiler design and construction. That is why—whether you need 
boilers for huge power stations... for small industrial plants... or for 
vessels plying the seven seas— you can be sure a C-E Boiler will meet your 




















needs efficiently . . . reliably . . . economically. 


COMBUSTION ENGINEERING — SUPERHEATER, INC. 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N.Y. a 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT 
283 


MARCH, 1953 











UNDIVIDED 
ATTENTION 


Diefendorf gives 
every order expert, 
undivided attention at 
every step of manu- 
facture—whether the 
order is large or 
small—whether for 
a complete new in- 
stallation or for a 
few replacement 
gears. 

Diefendorf is 
equipped to make 
gears of all types 
and all sizes—all 
materials. Specifica- 
tion orders only. 


DIEFENDORF GEAR 
CORP. 
920 W. Belden Ave. 
Syracuse, N. Y. 











SAVINGS FLOW 


FROM 


SPELLDTLAY 
PIPE SYSTEM 


EVERYTHING FOR A 
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THE EDUCATION OF 
TOM, DICK, AND HARRY 


(Continued from page 282) 


addition, it seeks to provide ample opportunity for 
each student to develop himself to the fullest, even to 
the extent of providing a curriculum modified for, 
and adapted to, the needs of the individual student. 

Of course it is possible to go too far in providing 
courses for the need of each student, and it is not 
urged that such a procedure be followed excessively. 
Yet there appear to be some very real disadvantages 
in a program which is too rigid. As a means of arriv- 
ing at an appropriate middle course, the author be- 
lieves the following observations might be given more 
serious consideration, especially when students make 
the transition from preparatory school to college: 

1. In judging college material, there is danger in 
relying too much on high-school grades. The adoles- 
cent’s normal interest in the opposite sex may inter- 
fere with abstract studies without implying that he 
is poor material for future education. The applicant's 
total record should be considered, particularly his 
hobbies and his achievements in them. Absence of 
hobbies or poor performance in them, coupled with 
poor grades, may properly be considered a bar to 
college entrance. 

2. Advanced mathematics is more important in 
academic type of work than in most phases of en- 
gineering practice in industry. For this reason a stu- 
dent with a poor head for mathematical abstractions 
should not be penalized too much if he shows an in- 
stinct for the physical sciences and their applications. 
By and large, successful engineers are visual-minded 
rather than mathematics-minded. 

3. The teaching of mathematics in the high school 
should be such as to appeal to interest rather than to 
memory. At home parents can often do much to 
stimulate interest in mathematics. Moreover, in the 
smaller towns, they can appeal to the school boards 
so that instruction in this subject will be more in- 
teresting and effective. For immediate results in 
individual cases, it may be wise to resort to tutoring, 
either during the school year or the summer season. 

4. It is customary to require engineering students 
to choose between electrical, mechanical, chemical 
and civil, with further subdivisions, such as power, 
communications, and electronics under electrical en- 
gineering. This classification has proved very advan- 
tageous in placing the graduates, but it has been 

(Concluded on page 286) 
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- AN AMP SOLDERLESS CONNECTION AND A PERFECT SOLDERED JOINT! 
ot 

ly. , 

kt During recent years three labora- 
1m tories, employing DIFFERENT test 
“= methods and the finest equipment 
re yet developed, agree: THERE IS NO 
ke MEASURABLE NOISE IN THESE AMP 
SOLDERLESS CONNECTIONS! 

in 

5- TEST +1 AT MASSACHUSETTS 

- INSTITUTE OF TECHNOLOGY 

he AMP terminal connections (which had been 
> subjected to salt spray) were placed in series 
Ss with the input of a high gain, wide band 
‘is pass amplifier (originally developed for 
of checking thermal noise in R.F. input circuits). 


Dr. Wiesner’s results, after testing AMP ter- 
minals, substantiate “the unlikelihood that 
metal-to-metal contact as it exists in crimped 
solderless connections would be expected to 
develop noise” 


TEST #2 AT AN 
ARMED FORCES TEST LAB 


Since a terminal has but a few milliohms 
resistance, this test required a special trans- 
former to match this low impedance to the 
input of the amplifier, sensitive to levels of 
0.2 micro volt. 60 AMP solderless terminals 
crimped to short lengths of wire in series, a 
similar number of carefully soldered joints, 
and a single piece of solid wire of equivalent 
R, were compared. 

No noise difference was detectable between 
any of the three. 


TEST #3 ATA 
PROMINENT UNIVERSITY LAB 
7,000 AMP solderless connectors were 
crimped to short lengths of wire in series 
making a chain of terminals 340 feet long 
(see illustration). After aging for two years in 
an unfavorable atmosphere these 14,000 
connections in series were tested at radio 
frequencies up to 20 megacycles. 

AGAIN — Noise measurements were down 
to thermal magnitude. 


(Copies of all test results available 
on request to our ELECTRONIC 


DIVISION.) 
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(Concluded from page 284) 
found that, in the later and more advanced levels of 
responsibility, the classification is considerably dif- 
ferent. One engineer may have become the manager 
of manufacturing, responsible for all operations of the 
factory, including the electrical, mechanical, chemi- 
cal, and civil, if any. Another has become manager of 
design and development — this also including elec- 
trical, mechanical, and chemical developments. Still 
another has become manager of marketing, respon- 
sible for the disposal of all the products of the factory, 
A classification such as (1) manufacturing engineer- 
ing, (2) developmental engineering, and (3) applica- 
tion engineering is more in line with the tempera- 
ments and talents of individuals: Tom’s temperament 
would easily fit him into any kind of manufacturing; 
Dick’s, into any kind of highly technical work; and 
Harry’s, to the marketing and financial management 
of any kind of product. 

5. One might well say with much truth that four 
years is barely enough time for the fundamental 
courses. In most colleges all engineers take the same 
courses for the first two or three years, so that pro- 
fessional classifications are nominal in the student’s 
early college work. But even when nominal, such 
classification makes a great deal of difference in the 
attitudes of the electrical, mechanical, and chemical 
students towards a subject that they all are taking 
together. If the classification is to be nominal, why 
not make it of a type that will contribute to a more 
meaningful attitude, and be more profitable in the 
long run? 

It is not the thought here to suggest changing the 
classification in college catalogues, but where a 
student’s capabilities and limitations are fairly clear 
(maybe at the end of the second year), and the facili- 
ties of the school at all suitable, he might be guided 
or advised, or at least permitted, to follow a curricu- 
lum with a modified orientation as did Tom, Dick, and 
Harry. Most engineering schools are well enough 
equipped to provide adequate curriculums for the 
Dicks and the Harrys, but the Toms are an enormous 
neglected group, perhaps because schools lack ade- 
quate facilities for them. Properly planned, the co- 
operative course seems to be an effective solution of 
that problem. 


MMT TTT TTT 
HUTT | AH WANT Hl | 


ae! 


At 


Hit 


1953 


1201 Plaza Building 
Pittsburgh 19, Pa. 
Telephone COURT 1920 





THE TECHNOLOGY REVIEW 











Ar 


by t 


Nev 
and 
nor 


witl 
wor 
of t 
and 


thre 
wit] 
ahe; 
Mai 


they 


Th 











Are you in a job where promotions or raises are governed 
by the “seniority system” instead of by merit? 

If you feel your income is not growing as fast as it should, 
New England Mutual offers you a business of your own, 
and a chance to earn an income that has neither a speed 
nor a top limit. 


We finance your learning period and guide you to success 
with a most comprehensive training program. You'll be 
working with college-trained men from schools in every part 
of the country. You'll make a career of helping families— 
and businesses—solve important financial problems. 


If you are a “self-starter,” can make plans and follow 
through with them, New England Mutual offers you a career 
with freedom and independence —one in which you move 
ahead just as fast as your ambition and ability can take you. 
Mail the coupon for the booklet in which 15 men tell why 
they chose a life insurance career, with... 





M.I.T. alumni now achieving successful careers as our agents: 
Raymond P. Miller, CLU, '18, Salem 


Blaylock Atherton, '24, Nashua 





ee ee ae ee ee = 
New EncLtanp Mutua 
| EB! i. Why | 
| Box 333, Boston 17, Mass. We Chose | 
| Please send me, without cost or obliga- Nev England Motus! | 
| tion, your booklet, “Why We Chose | 
| New England Mutual.” | 
Name —- ae int ; 
| Address See | 
l ¢ ! 
. — Zone State 
Ps RPE AIT SE, EN all 


Lhe NEW EN GLAN D @ MUTUAL Life Insurance Company of Boston 


THE COMPANY THAT FOUNDED MUTUAL LIFE INSURANCE IN AMERICA — 1835 


MARCH, 1953 





287 


PREVENTION OF RUST 
(Continued from page 254) 


deterioration, by corrosion on the soil side of the pipe, 
accounts in large measure for the present low-cost 
distribution of oil and gas. 

It is interesting and significant that the expense of 
cathodic protection is often more than paid for by 
savings in steel made possible by use of a thinner 
wall pipe in place of the extra heavy wall otherwise 
specified in order to take care of corrosion. For ex- 
ample, one 225-mile line of eight-inch diameter p 
reduced in wall thickness from 0.322 to 0.25 inch, a 
latter thickness being ample to withstand internal 
pressures, saved 3,700 tons Pe steel valued at $330,000 
in 1945. 

The combination of insulating coating and cathodic 
protection has also gained use in domestic hot-water 
tanks, where an inexpensive enameled or glass lining, 
in combination with a magnesium rod, provides for 
protection of the steel tank at any pores in the coating 
and allows for longer life of the rod. 

The Panama Canal gates, about 75 feet high, 65 
feet long and 7 feet thick — and weighing approxi- 
mately 700 tons each—are protected cathodically 
using an impressed current from a rectifier in com- 
bination with steel anodes in the form of rods 
mounted parallel to the protected surface. The gates 
are covered with a hot bituminous coating, and cur- 
rent is impressed equivalent to one ampere per 
thousand square feet of surface. The cost of the in- 
stallation was approximately $1,000 per gate, which 


s % per cent of the estimated cost of replacement, 
In addition to‘saving some expense of painting and 
repairs, this arrangement provides added assurance 
that the Canal will not be shut down, particularly in 
critical times when the naval fleet is under urgent 
assignment. 

Cathodic protection of ships has been a challenging 
problem ever since the attempts of Davy. The present 
use of steel hulls and bronze propellers sets up siz- 
able galvanic cells such that the stern acts as anode, 
and, therefore, corrodes at an accelerated rate. Cur. 
rent resulting from this dissimilar metal combination 
varies with the paint system and motion of the ship, 
but at all times it is apt to be surprisingly high. 
Measurements at one time on a submarine indicated 
currents as high as 30 amperes. To protect against 
this galvanic action, Davy’s idea of using a more 
active metal, like zinc, attached to the hull near the 
propeller received attention early in the history of 
steel ships and is still common practice today. There 
is some question of how long such zinc blocks are 
fully effective in accomplishing their purpose in view 
of the fact that zinc is covered within a few weeks 
by a corrosion product which limits the current out- 
put. The zinc is said to be polarized. The situation 
apparently can be improved some by use of high- 
purity zinc which polarizes less than commercial zinc. 

It is reported that although zincs for ships have 
been in use for many years, the principle of their 
function has sometimes been forgotten, as is attested 
by the practice of some shipyards to paint over the 

(Concluded on page 290) 
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Bi W +626 CABLE is particularly designed for applications where internal noise due to severe vibration 
affects the electronic circuits. This wire is important for use with piezoelectric instruments, microphones 
and hydrophones in applications subject to severe shock such as telemetering and shock wave measure- 
ments. It is little affected by temperatures from 400° to minus 60°F. It is of miniature size, a distinct ad- 
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copper shield which is in turn covered with a second insulating layer of Teflon and a second shield. The outside covering 
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Outside Diameter: .150” 
Net Weight: 22 pounds per 1000 ft. 
Resistance of the copper conductor: 16.0 ohms per 1000 ft. 
Resistance of the inner shield: 10.8 ohms per 1000 ft. 
Resistance of the outer shield: 6.8 ohms per 1000 ft. 
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(a) the conductor and inner shield: 

(b) the inner shield and outer shield: 
Insulation Resistance between: 

(a) the conductor and inner shield 10,000 megohms per 1000’ at 25°C. 

(b) the inner and outer shield 5000 megohms per 1000’. 
Voltage Rating, Dielectric Test and Breakdown Voltage: 

(a) between the conductor and inner shield 600V AC rating, 1500V test, 4000V breakdown 

(b) between inner and ovter shield 300V AC rating, 1000V test, 3000V breakdown 
Noise Characteristics: When subjected to vibration or instantaneous physical compression, the noise developed is less 

than one one-hundredth of that of ordinary microphone cable under the same conditions of test. 
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(Concluded from page 288) 


zinc blocks as well as the hull. Also, occasionally 
some “old salts” make claims to the effect that their 
superior skill in attaching and painting zincs has 
extended life of the zincs to the point that on dry- 
docking a ship, they look as good as new. The ev alua- 
tion of high-purity zines and the possible application 
of magnesium for the purpose of protecting the stern 
are presently being investigated by several labora- 
tories. 

Since sandblasting and painting a medium-sized 
vessel costs perhaps $30,000 or more, there is ample 
incentive to try cathodic protection instead. This is 
being investigated by the Naval Research Labora- 
tory, and has already been installed and reported 
upon by the Canadian Navy, with results that look 
promising. A mine sweeper, 225 feet long, of 960 tons 
displacement, was fitted in Tune, 1949, with 10 mag- 
nésium anodes each weighing 80 pounds. These were 
attached to, and insulated from, the bilge keel. The 
protective current was regulated, since too much 
current may cause blistering of the paint. Eleven 
months later, the ship was dry-docked and the hull 
found to be in very good condition. No corrosion was 
found on the underwater surface except at a few re- 
entrant places, such as the propeller shaft under the 
rope guards and the innermost section of the injection 
inlet. The ship was relatively free from fouling. This 
may have resulted from action of the antifouling paint 
freshly applied in 1950, since the maximum period of 
effectiveness of this particular paint upon exposure 
to sea water is about three months. The ship hap- 
pened to be launched at a time coinciding with the 
months of June to September, when fouling organisms 
in Halifax Harbor are most active, but the paint dur- 
ing this time was also most effective in combating 
fouling. In comparison, aggravated fouling under 
other conditions or in more southerly waters may oc- 
cur. Since only 435 pounds of magnesium were con- 
sumed in 11 months, the cost, not counting installa- 
tion, is only about $200. This experience convinced 
Canadian engineers that dry-docking of active ships 
might well be lengthened from one to two years with 
no risk to the ship from corrosion, and with no risk 
from fouling, provided the ship could be dry-docked 
at chosen times of the year. The possible savings by 
this schedule are unusually attractive. 

The U. S. Naval Research Laboratory, co-operating 
with the Bureau of Ships and the Bureau of Yards 
and Docks, is also studying the problem of cathodi- 
cally protecting active and inactive ships, using both 
magnesium anodes and impressed current. Graphite 
anodes are employed when impressed current is used. 
The present ‘moth-ball fleet,” tied up at various 
harbors in the country, is being protected both ways 
— the results of which are providing general informa- 
tion on the effective protection of ships in harbors, as 
well as those under way at sea. 

At long last, Sir Humphrey Davy’s idea has been 
successfully applied to the common good, both on 
land and on sea, and on a scale that he would have 
hardly dreamed possible when he performed his few 
laboratory experiments and service tests in 1824. 
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At Hy-Pro we concentrate our operation on the manufacture of 
taps. This enables our engineers to continually focus their work 
on the design and production of this one important line. The 
result has been Hy-Pro’s earned reputation as a specialist in all 
tap needs. 

This experience is at your service. Our engineers are always 
ready to assist you in every way—from advising on a particular 
job to helping in your regular production setup. 

Call or write today for the full facts. Hy-Pro’s engineer special- 
ists and complete line of high quality taps can help save you time 
and money. 














HY-PRO TOOL CO., NEW BEDFORD, MASS., U. S.A. 


ADDITIONAL WAREHOUSES: 6046 College Ave 10428 W. MecNichols Rd 6141 North Elston Ave 
OAKLAND 18, CALIF. DETROIT 21, MICH CHICAGO, ILL 
es Piedmont 5-4337 University 4-1077 Newcastle 1-6480 
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Easy, Reliable ACOUSTIC MEASUREMENTS 


: a 





SOUND-SURVEY METER 


for Acoustic Engineers and Audio Enthusiasts 


The Type 1555-A Sound-Survey Meter is a low-cost, 
portable and accurate sound meter. It enables every 
audio consultant or enthusiast to make measurements 
permitting proper installation of reproducing systems 
in theatres, halls, offices, plants, and living rooms. This 


The G-R Type 1555-A Sound-Survey Meter permits — 
% speaker placement for best coverage 


% selection of optimum quantity of ab- 
orbing material for a given speaker housing 


% adjusting of base-reflex systems 
for best performance 


% detection of room absorption 
defects, enabling corrective measures 


% adjusting of cross-over net- 
works, and correct setting of levels 
in multiple-spedker systems 


% determining levels for 
systems using tone-compen- 
sated volume controls 


ty, 
Finger-tip control “q.—aRaanae « 


y 

turns instrument on SAC NN “eS, 

and off, selects one of “WEEN Ale NS 

three frequency character- ONG 

istics, checks batteries — Aas) 
und-pressure level is % 

simply the sum of meter and 

attenuator readings — range 

is 40 to 136 db. — _ flush- 

mounted crystal microphone 

has good characteristics — 

instrument has stabilized ampli- 

fier and level indicator. 


G-R Type 1555-A eae Meter 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, M 


NEW TORK 6 


assachusetts, U.S.A 


gan Ave CHICAGO 5 OS ANGELES 38 


instrument is extremely useful to sales enginee 
acoustical field engineers and consultants for p 

liminary survey work where the refinements of th 
larger Type 1551-A Sound-Level Meter ar 
not necessary. 


There is no substitute for a good frequency, 
response characteristic. Yet, the accurat 
determination of overall system respon 
is not easily accomplished. 


If sound-pressure level is mea 
ured at a fixed point in a rooz 

as frequency is changed@ 

the response curve so ob 

tained will be very irregy 

lar, even in regions of 

quency where the system 
response is actually flat. Sig 
nificant characteristics, such 

as a “‘notch”’ produced by a! 
improperly adjusted cross-ove 
network, may be completely obs 
scured. This effect is a result of 
rapidly changing standing-wave pai 
terns with changes in frequency. 
That is, combinations of in-phas 
and out-of-phase waves cance 
and reinforce each other at cer 
tain frequencies, causing abnormal 
“highs’”’” and “lows” in respons 

curves. 


With the aid of the pocket-size Sound- 

Survey Meter, measurements at each fre 

quency may be made at several points within 

a room, and the results readily averaged. Re- 

sults obtained may then be put in the form of a 

relatively smooth curve, representing the aver- 

age sound level as a function of frequency, and 

illustrating the combined effects of speaker 

acoustic power output and total room losses. 

Such results represent the performance of the 

speaker system in its setting and thus help deter- 

mine effects due to absorption, room-dimengions, 
speaker directivity, and standing-wave patterns. 


/For Complete Information Write for the G-R Sound 


Measurement Bulletin. 


Admittance Meters tx Coaxial Elements t Decade Capacitors 
Decade Inductors % Decade Resistors % Distortion Meters 
Frequency Meters t Frequency Standards tx Geiger Counters 
Impedance Bridges %x Modulation Meters * Oscillators 
Variacs tx Light Meters % Megohmmeters % Motor Controls 
Noise Meters * Null Detectors * Precision Capacitors 


| Pulse Generators t Signal Generators tx Vibration Meters tx Stroboscopes tx Wave Filters 
* U-H-F Measuring Equipment tx V-T Voltmeters tx Wave Analyzers tx Polariscope 








